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OUTLINE OF SIGNIFICANT ADVANCES IN THIS RESEARCH
• The relative age relationships of igneous dikes to thrust faults are established.
• The composition of the oldest igneous type is reinterpreted to be mafic, not 
intermediate.
• Pre-ore K-fe!dspar-stable deuteric alteration is demonstrated.
• Gold deposition is demonstrated to be accompanied by acid attack in igneous dikes, 
resulting in the formation of kaolinite and marcasite, the ieaching of alkali and alkaline 
earth elements, and the loss of volume. Recognition of Na leaching from igneous rocks is 
proposed as an exploration tool.
• Apatite stability during ore formation is demonstrated, suggesting that the 
recognition of structurally controlled phosphate minerals can serve as an exploration 
tool.
• The mobility of Zn, Cu, and Pb is demonstrated in the throat of the hydrothermal 
system responsible for gold deposition, consistent with new fluid inclusion data 
showing C!-rich fluids.
• Sulfur fugacity is demonstrated to have varied significantly in the gold-depositing 
hydrothermal system.
• The limited mobility of Fe in the ore-forming environment is confirmed.
• An unknown mineral (Sb-Zn-TI-As sulfide), Sb-rich sphalerite, and As-rich 
marcasite are recognized.
• A maximum depth constraint of 3 km for the deposition of gold is proposed based on 
igneous textures within dikes.
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ABSTRACT
The Jerritt Canyon district is in the Independence Mountains, 70 km north- 
northwest of Elko, Nevada. Over 92 tonnes (3.0 million troy ounces) of gold have been 
produced since 1 981 with ore grade averaging 4.11 g/t (0.120 oz/st). Most of the gold 
production has been from ore hosted in miogeoclinal carbonaceous limestone, 
carbonaceous calcareous siltstone, and chert of the Upper Ordovician to Lower Silurian 
Hanson Creek and Lower Silurian to Lower Devonian Roberts Mountains Formations. 
These rocks are exposed in windows through allochthonous, eugeoclinal, siliceous 
sedimentary and volcanic rocks of the Upper Cambrian and Ordovician Snow Canyon 
Formation. Proven and probable gold reserves in 1991 were 187 tonnes (6.0 million 
troy ounces).
Four types of igneous dikes intrude the sedimentary rocks of the Jerritt Canyon 
district and two are locally gold ore. The igneous and alteration mineralogies, whole 
rock and trace element compositions, and geochronology of the dikes were studied by 
transmitted and reflected light petrography, X-ray diffraction, scanning electron 
microscopy, wet chemicai and X-ray fluorescence analytical methods, and K-Ar and 
40A r-39Ar age dating techniques. These studies permit the recognition of multiple 
periods of hydrothermal activity and provide constraints on the age of gold deposition in 
the Jerritt Canyon district.
The oldest and most abundant dikes are andesites (field term; actual composition is 
basaltic) with variable size and percent phenocrysts of andesine plagioclase ± augite ± 
hornblende ± biotite. The dikes are less than 7 m wide, strike N40-70W, have near 
vertical (± 20°) dips, and are Pennsylvanian in age.
Andesite dikes contain evidence to support at least two alteration events prior to gold 
deposition. Potassium metasomatism of andesite dikes is interpreted to have resulted 
from deuteric alteration. It is manifested by 1 0-20 micron biotite grains that replace 
mafic grains and barian K-feldspar, which contains very slender needles of apatite and 
is present as 50-100 micron wide replacement rims on plagioclase. Subsequent 
alteration is characterized by sericite (2M illite) replacement of plagioclase. 
Hydrothermal sericite (<20 micron size fraction) from an altered andesite dike in the 
Mahala deposit yielded an 40A r-39Ar age spectrum that ranged from about 110 Ma to 
130 Ma.
Where present in or proximal to gold ore zones, the andesite dikes were 
subsequently argillized and sulfidized to produce a rock consisting of quartz, kaolinite,
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leucoxene, marcasite, and apatite, which locally is ore grade. Apatite needles are 
chemically stable in the ore-forming environment, but are shattered due to volume 
loss in the igneous rock. Alteration is marked by the depletion of Na20, MgO, MnO, CaO, 
KzO and the introduction of S, Au, As, Hg, Sb, and W, and locally Zn, Cu, and Pb. Weakly 
argillized and sulfidized rocks have undergone nearly total sodium removal; recognition 
of sodium depletion in igneous dikes may prove useful as an exploration tool.
The remaining three igneous types have been dated or are inferred to be Tertiary in 
age. Basalt dikes are generally less than 5 m across, have variable strikes and dips and 
sometimes form sills. They are texturally and compositionaily uniform with 1-3 mm 
phenocrysts of olivine (always altered) and pyroxene in a felted matrix of plagiociase. 
Basalt dikes exhibit vesicles interpreted to have formed by the exsolution of H2Oand 
CD2 at depths of less than 3 km. Gold deposition postdates crystallization of basalt dikes 
and may likewise be constrained to have occurred at depths of less than 3 km.
Quartz monzonite dikes are recognized at only two outcrops 3 and 5 km southwest of 
the Burns Basin pit. Both dikes strike N50E and have nearly vertical dips. They consist 
predominantly of equal portions of plagiociase and K-feldspar with the remainder being 
variable amounts of biotite, hornblende, quartz and accessory titaniferous magnetite 
and apatite. The dikes have been weakly propylitized as evidenced by the presence of 
chlorite, calcite, zeolite, barium K-spar, and trace epidote. Trace small grains of 
pyrite, sphalerite, and chalcopyrite are present although Zn and Cu contents rarely 
exceed 100 ppm. Gold content never exceeds the detection limit of 5 ppb, and elements 
associated with gold deposition are not enriched in these dikes.
A small, undated ultramafic intrusion is known only from float exposure at one 
location 13 km northwest of the West Generator pit. It consists of 3 mm grains of 
partially serpentinized olivine and fresh pyroxene. The absence of strong alteration is 
interpreted to represent a Tertiary age.
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INTRODUCTION
The gold deposits of the Jerritt Canyon District are located in the central 
independence Mountains, Elko County, Nevada approximately 70 km (45 miles) north 
of the city of Elko (Fig. 1). The bulk mineable gold orebodies of the Jerritt Canyon 
District are all typical examples of Carlin-type sediment-hosted disseminated gold 
orebodies. Over 50 Carlin-type gold deposits are known in north-central Nevada, 
making the region a gold province of world importance (Fig. 2). The Jerritt Canyon 
District is comprised of sixteen mines and advanced stage exploration projects (Fig.
3). The Jerritt Canyon District is a major contributor to the region's gold production, 
having produced over 3 million troy ounces (~100 metric tons) of gold since 1981.
Igneous rocks are known in nearly all Carlin-type gold deposits (Sillitoe and 
Bonham, 1990) although the volume of mineralized igneous material is usually 
insignificant. Igneous rocks are principal hosts to gold ore at only a few small 
orebodies, such as the Ren deposit on the Carlin Trend (Fig. 2). Because sedimentary 
rocks are the principal ore hosts in Carlin-type deposits, detailed descriptions of the 
alteration and mineralization of sedimentary rocks are known from numerous deposits, 
including the Jerritt Canyon District (Birak and Hawkins, 1985; Birak et al., 1987; 
Hofstra and Rowe, 1987; Hofstra et al., 1987; Leventhal et al., 1987; Northrop et al., 
1987; Hofstra et al., 1988; Hofstra, Leventhal et al., 1991; Hofstra, Daly et al.,
1991; Weideman et al., 1991). Published research focussing on the relationship of 
igneous rocks to Carlin-type gold ore is scant and usually consists of brief 
examinations within larger works (Hausen, 1967; Hawkins, 1973; Bagby and Berger, 
1985; Percival et al., 1988; Kuehn, 1989; Lauha and Betties, 1993).
This research presents results of an investigation into the nature of igneous dikes 
and their relationship to gold mineralization in the Jerritt Canyon District, with 
emphasis on the Burns Basin deposit at the southern end of the district. It builds on 
twenty years of data collection and analysis. Starting in the 1970's, several detailed 
studies of igneous dikes were completed by mine staff with the resulting data being filed 
at the minesite. In 1988, Don Birak, Art Dahl, Bob Loranger, Tom Roberts and other 
mine staff members began a compilation of existing petrograhic and chemical data. This 
compilation was augmented by additional sampling by the mine staff and Al Hofstra 
(USGS), trace element and whole rock chemical analyses by Chemex Labs Inc., detailed 
petrography by Russ Honea, and radiometric dating by Geochron Labs. Hofstra (1994) 
used this database and additional radiometric dating by Larry Snee (USGS) to categorize 
types and ages of igneous dikes, to differentiate multiple periods of hydrothermal
2
Fig. 1. Location of the Jerritt Canyon District, Independence Mountains, Elko Co., NV.
3
Fig. 2. Principal goid mines and gold trends of the region.
4
Fig. 3. Distribution of mines and advanced stage exploration projects of the Jerritt
Canyon District.
alteration, and to constrain the age of gold deposition. During this same period 
exploration drilling southeast of the Saval orebody along a known structural/ igneous 
dike trend encountered significant mineralization (Bratland, 1990). The success of 
this effort and the recognition of a spatial correlation between ore and igneous dikes in 
the West Generator (fig. 4) and Burns Basin orebodies prompted support by 
Independence Mining Company of this research at the Mackay School of Mines into 
igneous dike alteration and mineralization in the southern portion of the district. This 
thesis builds on the pioneering work of these many geologists.
The complex geologic history of the Jerritt Canyon district can be partially 
unraveled through a study of its igneous dikes. Dikes of various ages record evidence of 
multiple episodes of hydrothermal activity and constrain the ages of important 
structural events. The mineralogy, paragenesis, geochemistry, deformation, and age of 
the dikes were studied using field mapping methods, transmitted and reflected light 
petrography, X-ray diffraction, scanning electron microscopy, and wet chemical and 
A-ray fluorescence chemical analyses. Radiometric ages for some primary and 
secondary minerals within three of the four types of igneous dikes have been 
determined by both K-Ar and 40 A r-39Ar techniques, completed by Independence Mining 
through Geochron Labs and by Hofstra and Snee of the U. S. Geological Survey. The 
combination of these methods permits several contributions to the science of geology. 
The petrography, petrology, and age of both primary and secondary minerals within the 
dikes can be compared to the regional pattern of magmatic activity and hydrothermal 
alteration and mineralization. This in turn allows inferences on the regional tectonic 
setting. Comparison of the mineralogy and geochemistry of barren and mineralized 
samples from the same dike permits gold-stage alteration to be distinguished from 
older alteration assemblages. Similarly, such a comparison of barren versus 
mineralized portions of the same igneous dike allows determination of the mass fluxes 
associated with gold deposition and provides constraints on the nature of the 
hydrothermal fluid responsible for gold deposition and hydrothermal alteration. The 
assemblage of introduced and depleted elements can be used to identify whether a given 
dike has been affected by the gold hydrothermal system and can potentially be used as an 
exploration tool.
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Fig. 4. Active digface in ore, West Generator open pit. a. Strongly argillized, sulfidized, 
and mineralized Tertiary basalt dike crosscutting Roberts Mountains Formation-hosted 
ore. b. Detail of realgar- and orpiment-rich Roberts Mountains Formation adjacent to 
altered basalt dike (extreme upper right).
7
f ie l d  m e t h o d s
Field work related to this thesis was completed during the period June 1 to 
September 10, 1 992. The Burns Basin open pit, the southernmost developed deposit in 
the Jem tt Canyon District, provides the best opportunity to study the igneous dikes in 
varying stages of alteration, their relationship to the the sedimentary rocks, and their 
relationship to gold ore. Because of this excellent exposure, the first half of the field 
season was spent in geologic mapping of highwall and digface exposures in the Burns 
Basin open pit at a scale of 1:600 or larger. Particular attention was paid to the 
structural setting within the Burns Basin pit and the relationships of igneous dikes to 
various structural reatures. Rapid geologic mapping was conducted at digfaces as the 
mining and blasting schedules of the pit would allow. More detailed geologic mapping 
was achieved along highwalls away from active mining. Geologic observations were 
recorded in pencil on gridded mylar sheets using the standard "toe and crest" method of 
the Independence Mining Company geologic staff. With this method, the toe (base) of a 
mining face (active digface or permanent highwall) was surveyed with 300-ft tape and 
Benton compass. Spatial control for the ends of the tape were usually established by 
reference to nearby surveyed blast hole collars. In cases without nearby blast holes, a 
labelled wood lath was hammered into the floor of the bench at the ends of the tape.
These laths (or "geopoints") were then surveyed by laser transit by the Independence 
engineering staff under the direction of Joe Gallegos. The crest (top) of the bench was 
then plotted in cross-sectional relationship to the toe. Geologic features were sketched 
in cross-sectional view between the toe and crest in a form of fence diagram while 
measurements (bedding and fault attitudes, etc.) were plotted on the cross-sectional 
view as if in plan view. These toe and crest digface and highwall maps were inked to the 
master mylar geologic bench maps for the Burns Basin open pit. Burns Basin 
stratigraphic sections were measured with the assistance of Lawrence Goldman.
Mapping and measurement of stratigraphic sections were supplemented with 
photography of key features.
With the understanding gained from work in the pit, field work was expanded to 
incorporate numerous outcropping and excavated exposures of igneous dikes throughout 
the district, particularly along the Burns haul road, along the excavated drill roads in 
the Saval/Steer, Wright Window, Starvation, and Mahala projects, and within Cow 
Canyon. These exposures were supplemented with numerous dike intercepts in both 
core and reverse circulation drill holes from the DASH, Spaghetti, Saval/Steer, Grade,
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and Wright Window projects. Locations of dikes discussed below are shown in Fig. 5.
Rock samples were taken of undeformed portions of igneous dikes, faults and 
fractures within and along the margins of dikes, and less often of adjacent sedimentary 
rocks. Igneous dike samples were prepared for chemical analysis and thin section 
preparation by trimming off oxidized and obviously veined rock on a masonry saw 
using a water cooled diamond blade. Cut surfaces on igneous dike samples were wetted 
with mineral oil and described while examined under a binocular microscope. Hand 
specimens of igneous dikes were saved in labeled rock sample bags. Hand specimens of 
units within the measured sections were also collected and trimmed for thin section 
preparation and cataloging of hand specimens.
Over 100 igneous dike samples were collected for this study, each analyzed by the 
following methods.
LABORATORY METHODS 
Chemical Analysis by Chemex Labs, Inc.
Igneous rock samples which had been trimmed of surface oxidation and veining and 
samples of sedimentary rocks and of veins and fracture zones within igneous dikes were 
submitted to Chemex Labs, Inc. for pulverization and trace element analysis. Sample 
preparation consisted of crushing in a steel cone crusher, splitting, and pulping to 
approximately 1 50 mesh of approximately 100 grams of sample in a steel ring 
pulverizer. The analytical procedures performed by Chemex with the corresponding 
upper and lower detection limits are given in Appendix V.
A problem was recognized in the antimony values reported by Chemex for the quartz 
monzonite dike at Smith Creek. Samples SC-1 and SC-2 yielded 200 and 110 ppm 
antimony, respectively. These values were suspiciously high in light of the non- 
argillized and non-sulfidized appearance of these rocks in hand specimen. Further, the 
Smith Creek quartz monzonite samples were listed on the assay report immediately 
following stibnite-bearing samples taken from the Burns Basin antimony mine. 
Contamination during sample preparation or within the analytical procedures was 
suspected and reported to Chemex. All samples crushed and pulverized at the Chemex 
facility in Elko, Nevada were resubmitted to Chemex and all sample preparation and 
analyses were reperformed at no charge. Comparison of both data sets indicates that 
contamination of three sample groups (fourteen samples total) following three 
different strongly mineralized samples occurred during sample preparation. The two 
principal factors responsible for the contamination are the author's failure to advise
9
Fig. 5. Map of igneous dike locations discussed in text.
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Chemex of visibly mineralized material when the samples were submitted and the 
failure of Chemex sample preparation personnel to adequately clean the cone crusher 
between samples (Caughlin, 1993). The repetition of all analyses by Chemex corrected 
the errors found in the fourteen contaminated samples. Just as important, the excellent 
reproducibility of reported values in non-contaminated samples lends confidence to the 
precision of the values reported in this thesis.
Both sets of pulverized sample pulps (contaminated and uncontaminated) returned 
from Chemex Labs were stored in screw top or snap cap plastic vials and labelled both 
on the jar and on the lid. I used these pulps for density, loss on ignition, and major
oxide and trace element analysis in the facilities of the Nevada Bureau of Mines and 
Geology.
Thin section preparation and petrography
Portions of unoxidized igneous dike samples were trimmed to standard thin section 
dimensions on the masonry saw and were sent to Idaho Petrographies of Grangeville, 
Idaho. Such trimming permitted specific features recognized during binocular 
microscope inspection to be included in the thin section. Selection of the surface to be 
piepared was biased in favor of the presence of phenocrysts and veinlets. Sulfide-poor 
samples were prepared as standard thin sections, usually with one half of the slide 
stained for both plagioclase and potassium feldspar using methods described by 
Hutchison (1974). Sulfide-rich samples were prepared without cover slips so that 
polishing of the thin section could be completed by the author using the polishing laps 
at the Mackay School of Mines. For both polished thin sections and standard thin 
sections, blue epoxy was used to highlight voids and cracks within the thin section, and 
causes the blue patches seen in the following photomicrographs.
Six standard polished sections of sulfide-rich rock and thin sections of a few 
carbonate veinlets within dikes were prepared. Standard thin sections of stratigraphic 
section hand samples were likewise prepared by Idaho Petrographies. Dave Davis of the 
Nevada Bureau of Mines and Geology made three additional doubly-polished thin 
sections used for fluid inclusion analysis. Several dozen standard thin sections of 
igneous dikes prepared in prior years by Independence Mining Company were also 
investigated.
Petrography and subsequent microphotography were undertaken using Nikon 
petrographic microscopes at the Mackay School of Mines, Independence Mining 
Company, and Newmont Exploration Limited. Point counting of least altered
11
representatives of the four igneous types was completed to characterize the volume 
percentage of constituent primary minerals. Details of igneous texture were recorded 
for each dike type in the hope that such features could be recognized through the haze of 
subsequent hydrothermal alteration. Such general observations for each slide were 
followed by a more focussed effort to identify alteration minerals (including opaque 
phases) and to constrain the alteration paragenesis. Petrographic reports completed 
for Independence Mining Company prior to 1993 by Russ Honea, Al Hofstra, and others 
were important references during my petrographic analysis.
D ensity
Density of the samples must be known to calculate mass flux and volume loss in the 
examples that follow. Rock density can be calculated from measurements of mass and 
volume on either pulverized or unpulverized material. An orientation survey of six 
variably altered and mineralized samples representing both the andesite and quartz 
monzonite igneous types determined the effects of pulverization on density 
determinations. These data (Table 1) show that the pulverized rock samples 
consistently gave density measurements 1% to 3% higher than the corresponding 
unpulverized rock. This difference was independent of the degree of alteration and 
mineralization of the rock sample and may reflect a small amount of porosity within 
unpulverized rock. The results show good precision of measurements when the mass of 
material used varied three-fold for the same rock sample. It was determined that the 
small difference in density measurements between pulverized and unpulverized rock 
was insignificant, permitting the use of either material. For ease of use and consistency 
of approach, pulverized samples were routinely used to determine density, while 
approximately 10%  of measurements were repeated using the corresponding 
unpulverized rock to serve as a double check for the validity of using the pulverized 
material (Table 1).
Mass was determined using a Mettler top loading electronic mass balance with a 
precision of ±0.001 g. Volume was measured using a Beckman Instruments Model 930 
Air Comparison pycnometer with a precision of ±0.01 cubic centimeters. Calibration 
of the pycnometer was checked against two standards both at the beginning and ending of 
each session of ten to fifteen density determinations (Table 2). Density values are also 
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Table 1. Comparison of densities of unpulverized and pulverized 
during sample measurements (lower group). rock for orientation study (upper group) and cross checks
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Corrected measurement 























































Table 2. Comparison of small and large standard volumes to corrected measurements of 
those same standard volumes made before and after each set of 10 to 15 sample 
measurements using a Beckman Instruments Model 930A Air Comparison Pycnometer.
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Loss on Ignition
Th: „ h: pr ure: ° l th6 determination of loss ‘SaWon (LOI) is given in Appendix I. 
The loss of mass of the sample resulting from the driving off of H20,C02, and S was
calculated as a percentage of the total mass of the sample. Correction and normalization 
of major oxide and trace element data included accounting for the corresponding loss on
ignition value (Appendix IV). Loss on ignition values are reported with the chemical 
analyses (Appendix IX).
Selected sulfide- and sulfate-rich samples were submitted to Chemex Labs for 
determination of total sulfur. Virtually all this sulfur would have been driven off by 
the loss on ignition procedure and would be reflected in the LOI value. This means that 
reporting of both total sulfur and LOI for these samples would mistakenly account for 
the sulfur content twice. Where total sulfur data are available, the corresponding loss 
on ignition values have been reduced by an amount equal to the total sulfur content. This 
results in a "loss on ignition minus sulfur" value (LOI-S) used in the isocon and 
alteration series diagrams presented below.
Preparation of Pellets for X-Ray Fluorescence Chemical Analysis 
The pulverized and ashed rock resulting from the loss on ignition determinations 
was then used to form pellets for x-ray florescence (XRF) whole rock and trace 
element chemical analysis. The procedure for forming the pellets was developed at the 
Nevada Bureau of Mines and Geology and is given in Appendix II. Pellets were stored in 
an airtight plastic container whose lid was sealed with vacuum grease. Desiccant in a 
small jar with a perforated lid was stored with the pellets to reduce humidity within 
the plastic container.
Selection of Standards for X-Ray Fluorescence Chemical Analysis 
Paul Lechler of the Nevada Bureau of Mines and Geology maintains a collection of 
standard pellets made from USGS analyzed rock samples prepared using the pellet 
preparation procedure given in Appendix II. From this collection, the AGV-1 standard 
was selected to approximate the composition of andesite dikes at Jerritt Canyon while 
the GSP-1 standard was selected to approximate the composition of the two Jerritt 
Canyon quartz monzonite dikes. Published chemical compositions of these standards 
(Flanagan, 1976) were used in the correction procedure (Appendix IV).
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X-Ray Fluorescence Chemical Analysis and Data Correction
Pellets were heated in a drying oven at 100°C for 30 to 60 minutes immediately 
poor to X-ray fluorescence chemical analysis to drive off any absorbed atmospheric 
moisture. X-ray fluorescence chemical analysis was undertaken by me at the Nevada 
Bureau of Mines and Geology on a Philips Model PW1404/00/10 Automatic Sequential 
Spectrometer connected to a Digital Electronics Model PDP-11/7-3 computer 
Calibration of the spectrometer was maintained by Paul Lechler and Mario Desilets of 
the NBMG. Samples were analyzed on the spectrometer in runs of twelve pellets each. 
Each run began with the AGV-1 rock standard, followed by ten igneous dike samples 
from Jerritt Canyon, and ended with the GSP-1 rock standard. Separate runs were 
required for oxide and trace element analyses. The raw data were transferred from the 
Digital Electronics computer to a DOS-formatted disk with the assistance of Mario 
Desilets, and a printed copy was made as an emergency backup. The DOS file was then 
converted to an Apple Computers Macintosh format at the University of Nevada 
computer center. This file was then transferred digitally to the Microsoft Excel 
spreadsheet program for compilation, correction, and evaluation of the data.
The multiple analyses of two standards permit evaluation of the calibration of the 
Philips spectrometer. The raw, uncorrected analyses for these standards show that 
precision of the spectrometer was excellent for all chemical components (Table 3). 
When compared to the published values, the raw values also show good to excellent 
accuracy, indicating that only minor correction of the data was required.
The chemical data for each run of Jerritt Canyon igneous dike samples were 
corrected using one of the standards analyzed within that run (Appendix IV). The 
standard sample which approximated the composition of the ten Jerritt Canyon igneous 
dike samples within the run was used to correct those samples arid the remaining 
standard sample. Table 4 summarizes the effect of the correction procedure on each of 
the standards in comparison with the published values. After correction, the sum of the 
major oxides and loss on ignition was normalized to 100%.
X-ray D iffra c tio n  A na lys is
X-ray diffraction analysis of several igneous dike samples was completed by me on 
the North American Philips Model 12045/3 diffractometer at the Nevada Bureau of 
Mines and Geology. Pulps from assayed rock samples were the typical sample material, 
yielding a "whole rock" diffraction chart in which the dominant mineral species were 
determined. These diffraction charts were useful in defining the presence of 2M illite
and kaolinite in samples. In select cases, powder from individual alteration minerals 
was scratched from polished thin sections and was analyzed by powder camera x-ray
diffraction with the help of Dr. L. T. Larson of the Department of Geological Sciences, 
Mackay School of Mines.
Scanning Electron Microscopy and Energy Dispersive Chemical Analysis 
Polished sections were routinely examined on the scanning electron 
m.croscope/energy dispersive spectrometer at the Mackay School of Mines. Early on, 
Martin Jensen operated the machine on my behalf and made many useful suggestions. ’ 
Later, I was trained in the use of the machine which enabled me to complete additional 
qualitative chemical analyses. Polaroid images were taken of key silicate and sulfide 
features in both secondary electron and backscattered electron modes. This ability to 
correlate observations made with the petrographic microscope with subsequent 
microanalysis is one of the key techniques which has advanced this research.
PREVIOUS STUDIES OF INTRUSIVE ROCKS IN CARLIN-TYPE GOLD DEPOSITS
The spatial association of igneous intrusions and Carlin-type disseminated gold 
deposits is recognized at both district and mine scales. At the district scale, the 
principal trends of gold deposits in north-central Nevada are coincident with a series 
of broad magnetic anomalies that follow a N40W zone related to stocklike intrusive 
bodies such as those of Lewis, Gold Acres, and Hilltop deposits (Roberts et al., 1971). 
At the mine scale, nearly all Carlin-type sediment-hosted disseminated gold deposits in 
the Great Basin also host igneous dikes and/or sills. The deposits of the Carlin Trend 
offer some of the earliest and best examples. In contrast to the multi-million ounce 
sediment-hosted orebodies to be discovered after 1960, the first hard rock gold mining 
on the Carlin Trend is represented by modest production from the mineralized igneous 
dike at the Big Six Mine northeast of the present day Carlin pit. Igneous dikes are also 
important ore hosts at the Ren and Capstone deposits within the Bootstrap subdistrict of 
the Carlin Trend (Lapointe et al., 1991). Hausen (1967) recognized several igneous 
dikes exposed in the Carlin Mine whose intrusion was controlled by a series of 
northwest-striking faults. These dikes are altered to quartz and kaolinite with minor 
dickite, illite, montmorillonite, and hydrous iron oxides.
Kuehn (1989) recognized three periods of igneous activity along the Tuscarora 
Anticline, represented by 1) Early Cretaceous, 130-109 Ma granodiorite to quartz 
monzonite stocks, with dikes of intermediate composition, 2) late Eocene to early
AGV-1 Published AGV-1
Volatile-free basis & Raw data
normalized to 100% Run #1
Si02 wt% 60.06 61.4
AI203 wt% 17.56 16.3
Fe203 wt% 6.88 6.8
MgO wt% 1.56 1.3
CaO wt% 4.99 5.3
Na20 wt% 4.34 4.2
K20 wt% 2.94 3.1
Ti02 wt% 1.06 1.1
P205 wt% 0.50 0.4
MnO wt% 0.099 0.1
Major oxide subtotal 100.00 100.0
Ba ppm 1232 1140
Sr ppm 670 650
Zr ppm 230 250
Rb ppm 68 70
Y ppm 21.7 20
Ga ppm 20.9 20a.
AGV-1 AGV-1 AGV-1 AGV-1 AGV-1
Raw data Raw data Raw data Raw data Raw data
Run #2 Run #3 Run #4 Run #5 Run #6
61.4 61.4 61.5 61.4 61.4
16.3 16.3 16.3 16.3 16.3
6.8 6.7 6.8 6.8 6.8
1.3 1.3 1.3 1.3 1.3
5.3 5.3 5.3 5.3 5.3













0.1 0.1 0.1 0.1 0.1
99.9 100.0 100.0 100.1 100.0
1 1 30 11 70 1140 1 1 60 1170
650 650 640 650 650
250 250 250 250 250
70 70 70 70 70
20 20 20 20 20
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GSP-1 GSP-1 GSP-1 GSP-1
Raw data Raw data Raw data Raw data
Run #1 Run #2 Run #3 Run #4
70.8 70.6 70.9 70.9









2.0 2.1 2.1 2.1
3.0 3.1 3.0 3.0
5.5 5.5 5.5 5.5
0.7 0.7 0.7 0.7
0.3 0.3 0.3 0.3
<0.1 <0.1 <0.1 <0.1
101.7 101.6 101.9 101.9
1240 1210 1210 1200
240 240 230 230
500 500 500 500
260 260 260 260
30 30 30 30
20 20 20 20
GSP-1 GSP-1 GSP-1 GSP-1
Raw data Raw data Raw data Raw data
Run #5 Run #6 Run #7 Run #8
70.9 70.7 70.7 37.9
14.3 14.3 14.3 11.4
4.1 4.1 4.1 0.0
1.1 1.1 1.1 0.1
2.1 2.1 2.1 0.0
3.0 3.1 3.1 0.0
5.5 5.6 5.6 0.0
0.7 0.7 0.7 0.0
0.3 0.3 0.3 0.0
<0.1 <0.1 <0.1 0.0







GSP-1 GSP-1 GSP-1 GSP-1
Raw data Raw data Raw data Raw data
Run #9 Run #10 Run #11 Run #12
70.8 70.7 70.6 70.5













3.0 3.0 3.0 3.0
5.6 5.6 5.6 5.6
0.7 0.7 0.7 0.7
0.3 0.3 0.3 0.3
<0.1 <0.1 <0.1 <0.1
101.9 101.7 101.9 101.7
Table 3 Comparison of published values (Flanagan, 1976) for standards AGV-1 (a.) and GSP-1 (b.) recalculated to a 
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g  Ga ppm 20.5
GSP-1 GSP-1 GSP-1
Corrected and Corrected and Corrected and
normalized data normalized data normalized data
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AGV-1 Published AGV-1 AGV-1
Corrected and Corrected and
normalized data normalized data
Run #10 Run #11Si02 wt% 59.00 58.9 58.9AI203 wt% 17.25 17.2 1 7.3Fe203 wt% 6.76 7.2 7.1
MgO wt% 1.53 1.2 1.2CaO wt% 4.90 5.1 5.0Na20 wt% 4.26 3.9 3.9K20 wt% 2.89 3.1 3.1Ti02 wt% 1.04 1.1 1.1P205 wt% 0.49 0.4 0.4MnO wt% 0.097 0.1 0.1Volatiles (H20, C02) 1.94 1.94 1.94
Major oxide subtotal 99.91 100.0 100.0
b.
L arb!hntoCc0mpariS0^ 0f̂ PU? ' Shed yalues (Flana9an' 1 976) for standards GSP-1 (a.) and AGV-1 (b.) with measured values 
o those same standards after undergoing the correction and normalization procedures described in text.
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Fig. 6. Flowchart showing order of field and laboratory methods used in this study.
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Oligocene, 37-36 Ma, to quartz latite dikes and small granodioritic stocks, and 3) 
mid-Miocene, 14 Ma, rhyolitic to rhyodacitic flows and domes. Kuehn (1989) 
confirms that dikes in drill core and exposed in the pit at the Carlin Mine are severely 
altered to dickite and/or kaolinite and in some cases are mineralized. Lauha and Betties 
(1993) state that quartz monzonite and monzonite dikes of probable Eocene to early 
Oligocene age are common at both the Post/Betze and Meikle orebodies and that these 
dikes are altered and in many cases contain gold mineralization, particularly at Meikle. 
Other Carlin-type deposits in north-central Nevada which report altered and 
mineralized plutons and dikes include Getchell, Pinson, and Preble (Bagby and Berger, 
1985), Gold Acres (Silberman and McKee, 1971), Windfall and Cortez (Wells et al„ 
1969), and Bald Mountain (Percival et al., 1988).
The spatial association between Cariin-type gold orebpdies and igneous intrusions 
has been interpreted by some workers to reflect a genetic relationship between 
mineralization and magmatism, although a conclusive case has not yet been made. Based 
on published age dates and field relationships at several north-central Nevada gold 
deposits, Sillitoe and Bonham (1990) state that sediment-hosted gold deposits and 
contact-metasomatic mineralization were generated at the same time in at least some 
districts within these mineralized trends. Dickson et al. (1979) do not recognize a 
magmatic contribution to the gold-depositing hydrothermal fluid other than heat. They 
argue that the deposition of ore at the Carlin Mine represents a hydrothermal event 
triggered by the intrusion of hot igneous material into water-saturated Paleozoic 
sedimentary rocks of the upper crust below the deposit. A convecting hydrothermal cell 
was established which leached gold and other components from the sedimentary rocks 
and transported them up steep faults to favorable host rocks where precipitation 
occurred. This debate over the source of gold and other metals between "magmatists" 
and "flushers" has been, and continues to be, one of the liveliest in the study of Carlin- 
type deposits.
GEOLOGIC SETTING OF THE INDEPENDENCE MOUNTAINS 
The Independence Mountains form a north-trending range bounded by alluvial 
valleys typical of the Basin and Range tectonic province. Daly et al. (1991) and Hofstra 
(1 994) provide detailed discussions of the geology of the Independence Mountains with 
emphasis on the Jerritt Canyon district. The rocks of the Independence Mountains are 
comprised of five stratigraphic successions that were subjected to as many as nine
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different periods of deformation (Hofstra, 1994). The stratigraphic succession has 
undergone low grade regional metamorphism and has been intruded by four different 
sets of igneous dikes. Gold ore is hosted by carbonaceous limestone, carbonaceous 
calcareous siltstone, and chert of the Upper Ordovician-Lower Silurian Hanson Creek 
and Upper Silurian-Lower Devonian Roberts Mountains Formations. These rocks are 
exposed in windows through siliceous sedimentary and volcanic rocks of the Ordovician 
Valmy Group, which comprise the Roberts Mountains Allochthon. Two of the four types 
of igneous dikes are known to host small volumes of ore within the much larger 
sediment-hosted orebodies. Principal alteration types associated with gold deposition 
include silicification (in the form of jasperoid development), decalcification, 
dolomitization, sulfidation, and associated volume loss in sedimentary rocks, and 
argillization, sulfidation, and volume loss in igneous dikes. The principal elements that 
were introduced by the gold hydrothermal system include Au, As, Tl, Sb, Hg, W, and S. 
Other elements, including base metals, are locally anomalous. The association of gold 
and arsenic is particularly strong and high grade gold ore often contains abundant 
realgar.
The ages of Tertiary igneous rocks in northeast Nevada show that volcanic and 
intrusive activity began between 41.6 and 39.0 Ma (Brooks et al„ 1995) and that this 
pulse of magmatic activity is part of a larger southward sweeping pattern of 
calcalkaiine magmatism during Eocene and Oligocene time (Armstrong and Ward,
1991). This pulse of igneous activity may mark the transition from dominantly 
compressional to extensional tectonism in the region.
MINING HISTORY OF THE JERRITT CANYON DISTRICT
Early mining interest in the district centered on a few small prospect pits and 
workings on bedded barite (Horton, 1962) and small outcropping stibnite veins. 
Modest antimony production is recorded from the Burns Basin Antimony Mine for the 
years 1918 and 1945 (Lawrence, 1963). Renewed interest in the antimony potential 
led FMC Corporation into the district in the early 1970’s. Recognition of similarities 
between the rocks at Jerritt Canyon and those at the Carlin Mine expanded the 
exploration focus to include gold, resulting in the discovery of bulk mineable gold 
orebodies near the head of Jerritt Canyon (Hawkins, 1982). Following extensive 
exploration and development drilling, feasibility studies were completed in February, 
1980 and overburden stripping commenced December 1, 1980 (anon., 1981). The 
first gold was poured shortly after midnight on July 4, 1981 (Farrell, 1981).
? ?
Production through 1989 totalled 2.2 million ounces of gold (Weideman et al., 1991). 
Reserves and resources totalled 8.16 million ounces of gold in 1989 (Lapointe et al., 
1991) and 6.7 million ounces of gold in 1991 (Minorco, 1991). The Jerritt Canyon 
District contains 1 8 announced ore deposits and prospects (Fig. 2). The Jerritt Canyon 
mill operates both wet mill and roaster circuits. In 1991, the mill processed an 
average of 6900 tpd at an average grade of 0.145 opt gold and a recovery rate of nearly 
88% (Minorco, 1991). Mining in the district is conducted by a joint venture of FMC 
Gold Corporation (30%) and Independence Mining Company (70%), which is wholly 
owned by Minorco.
GEOLOGY OF THE JERRITT CANYON DISTRICT
The gold deposits of the Jerritt Canyon District are typical of the Carlin-type 
disseminated orebodies present in north-central Nevada. Gold is hosted by limestone, 
calcareous siltstone, and chert of the Upper Ordovician-Lower Silurian Hanson Creek 
and Upper Silurian-Lower Devonian Roberts Mountains Formations (Hofstra et al.,
1988). Two pulses of igneous intrusion are recognized: 1) narrow andesite dikes of 
early Pennsylvanian age (Hofstra, 1994) and 2) mafic to intermediate dikes of late 
Eocene age (Hofstra, 1 994). These igneous dikes are volumetrically small but 
geologically important in that they preserve the structural/alteration/mineralization 
paragenesis and provide appropriate minerals for radiometric dating of both 
crystallization and alteration. The age of gold mineralization is poorly constrained. 
Eocene dikes are mineralized in the West Generator orebody, giving a maximum 
permissible age of 41 Ma for gold deposition (Hofstra, 1994). An effort to define the 
minimum permissible age of gold deposition using fission track analysis of apatite 
grains within mineralized dikes is currently in progress by the writer and Al Hofstra.
One of the curious geophysical features of Jerritt Canyon is that an airborne 
magnetic survey failed to identify any magnetic highs which could be interpreted as 
buried igneous stocks in areas where narrow intrusive rocks are mapped at the surface 
(Loranger, pers. comm., 1993). If igneous dikes at Jerritt Canyon derive from one or 
more buried stocks, two possibilities are considered to explain the lack of a geophysical 
response. First, possible source stocks lack sufficient magnetite and other iron­
bearing minerals to be sensed by a magnetometer. Second, rocks of the Jerritt Canyon 
District have been tectonically displaced, severing the connection between dikes 
mapped at surface and possible stocks at depth (Loranger, pers. comm.). Alternatively, 
perhaps no stocks exist at depth. Given the mafic to ultramafic composition of all but
23
two dikes known at Jerritt Canyon, the magmas may have derived from the upper 
mantle and intruded into the upper crust without making temporary residence in 
stocks.
IGNEOUS DIKES OF THE JERRITT CANYON DISTRICT
Four types of igneous dikes are recognized in the Jerritt Canyon District that are 
products of Pennsylvanian and Tertiary magmatic events. Dikes of two of the igneous 
types are known to be mineralized within the sediment-hosted orebodies discovered to 
date. Whole rock compositions representing the least altered representatives of the 
four types are presented in Table 5. Primary mineralogy and texture, radiometric age 
dates, and pre-gold alteration mineral assemblages for the four igneous dike types are 
summarized as follows.
General description of andesite dikes
This igneous dike type is the most common within the Jerritt Canyon District (Fig. 
7). The best exposures of unmineralized dikes are in the vicinity of Cow Canyon, along 
the Burns Haul Road east of the Saval deposit, and from outcrops near the DASH deposit. 
The three dikes in the highwall of the North Burns Basin deposit and core intercepts at 
other deposits provide the best examples of strongly altered and variably gold 
mineralized andesite dikes. Andesite dikes are present and known to be mineralized in 
most of the gold deposits of the district, but are absent from the northernmost deposits 
(Marlboro Canyon, West Generator, North Generator, Alchem, and Winters Creek 
deposits). This uneven distribution of andesite dikes has been interpreted by Hofstra 
(personal communication, 1 994) to reflect the presence of a three kilometer-wide 
northwest-striking andesite dike swarm through the center of the Jerritt Canyon 
District. However, andesite dikes are known for several miles both north and south of 
the Jerritt Canyon District and the apparent "swarm" may only reflect the uneven rock 
exposure in the area.
Use of the word "andesite" to describe this igneous type is firmly entrenched in both 
mine usage and recent geologic literature. Unfortunately, it is an incorrect usage. 
Comparison of chemistry of a least altered Jerritt Canyon andesite (sample MASH-7) 
to published values for a spectrum of mafic and intermediate composition igneous rocks 
shows that Jerritt Canyon andesite dikes have clear mafic affinity. This is evident in 
both major oxide chemistry (Table 6) and selected trace element chemistry (Table 7). 
This igneous type is more properly termed basalt, with strong similarities to
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Rock Type Andesite Basalt Qjartz Monzcnite Ultramafic
SAMPLE # MASH-7 88MG- 06* RC-1 CR-1
SiC2 wt% 46.1 40.3 59.5 42.7
Al 206 wt% 14.9 14.6 16.6 9.1
Fe2C8 wt% 10.7 10.6 5.7 13.1
MgOwt% 8.4 7.0 3.5 22.0
CaOwt% 7.2 14.7 2.2 4.7
Na20wt% 1.6 0.7 2.2 0.3
K20w t% 1.2 1.1 5.5 0.6
Ti02 w t% 1.2 1.1 0.9 0.7
P205 wt% 0.2 0.3 0.5 0.3
MnOwt% 0.2 <0.1 <0.1 0.3
LO % 8.3 18.48 2.9 6.2
Au ppb <5 <5 <5 <5
Ag ppm <0.2 <0.2 <0.2
As ppm <1 1 <1
Ba ppm 1064 6036 557
Be ppm <0.5 <0.5 <0.5
Bi ppm <2 2 <2
Cd ppm <0.5 <0.5 <0.5
Co ppm 40 16 77
Cr ppm 326 88 1738
Cu ppm 83 17 31
Ga ppm 18 25 9
Hgppb 50 50 10
Mo ppm <1 <1 2
Ni ppm 89 28 777
Pb ppm <2 6 <2
Rb ppm 44 167 14
Sb ppm <0.2 3.6 <0.2
Se ppm <0.2 <0.2 <0.2
Sr ppm 228 488 130
V ppm 188 97 107
W ppm <10 <10 40
Y ppm 23 18 12
Zn ppm 78 76 84
Zr ppm 92 199 76
Density g/cc 2.81 2.70 2.98
Whole rock and gold analyses by Chemex Labs. Trace element data not available.
Table 5. Chemistry for least altered representatives of the four recognized igneous dike
types.
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Fig. 7. Distribution of andesite dikes in the Jerritt Canyon District known from 
outcrop or mine exposure (strike and dip symbols) and drill hole intercepts (circles).
Rock Type " Andesite1 Olivine Tholeiite Tholeiitic High-alumina Hypersthene Alkali olivine Basanite T rachy basalt Andesite Andesite Hawaiite
Jerritt Canyon tholeiite lava basalt shoshonite basalt flow lava flow
SAMPLE tt MASH-7 ( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 3 ) ( 6 ) ( 7 ) ( 8 ) O ) ( 1 0 ) ( 1 1 )
Si02 w t% 50.0 47.01 51.57 50.83 48.27 52.28 4 6.53 43.52 47.55 58.57 62.74 46.66
AI203 wt% 16.0 15.57 15.91 12.67 18.28 15.75 14.31 15.76 16.38 19.87 16.53 16.01
Fe203 wt% 2.32 2.74 3.10 1.04 3.28 3.16 2.82 2.77 3.20 1.71 3.52
FeO wt% 11.57 7.04 1 1.39 8.31 4.88 9.81 7.14 7.84 2.73 2.14 8.35
Total Fe as 
Fe203 wt%
11.3 15.05 10.48 15.63 10. 18 8 .65 13.95 10.67 1 1.39 6 .20 4 .0 6 12.71
MgO wt% 10.3 5.25 6.73 4.19 8.96 4.76 9.54 9.57 6.40 1.74 3.24 4.76
CaO wt% 7.7 9.77 1 1.74 8.18 1 1.32 8.30 10.32 12.28 8.41 7.51 6.20 8.96
Na20 wt% 1.8 3.00 2.41 3.24 2.80 3.44 2.85 3.02 4.46 4.25 4.08 4.56
K20 wt% 1.2 0.31 0.44 0.87 0.14 2.08 0.84 1.43 2.11 0.74 1.18 1.86
Ti02 wt% 1.3 3.20 0.80 3.44 0.89 0.94 2.28 2.45 2.71 0.64 0.56 2.44
P205 wt% 0.2 0.32 0.11 0.75 0.07 0.36 0.28 0.41 0.72 0.10 0.16 0.74
MnO wt% 0.1 0.20 0.17 0.25 0.17 0.16 0.18 0.16 0.20 0.15 0.07 0.20
LOI w t% 1.64 0.45 0.94 0.22 3.57 0.14 1.16 0.79 0.63 1.31 2.41
Total 100.0 100.16 100.1 1 99.85 100.47 99.80 100.24 99.72 100.34 100.13 99.92 100.4 7
Italicized Total Fe as Fe203 values calculated from preceding FeO and Fe203 values.
(1) Olivine tholeiite, Albemarle Island, Galapagos (McBirney and Williams, 1969)
(2) Tholeiite, Talasea, New Britain (Lowder and Carmichael, 1970)
(3) Tholeiitic lava, Thingmuli, Iceland (Carmichael, 1964)
(4) High alumina basalt, Medicine Lake Highlands, CA (Yoder and Tilley, 1962)
(5) Hypersthene shoshonitic lava, Yellowstone Park, WY (Nicholls and Carmichael, 1969)
(6) Alkali olivine basalt, Hualalai, Hawaii (Yoder and Tilley, 1962)
(7) Basanite flow, Korath Range, Lake Rudolph, Kenya (Brown and Carmichael, 1969)
(8) Trachybasalt lava, Cima Dome, Mojave Desert, CA (Smith and Carmichael, 1969)
(9) Andesite flow, Mt. Misery, St. Kitts, West Indies (Baker, 1968)
(10) Andesite, Mt. Shasta, CA (Smith and Carmichael, 1968)
(11) Hawaiite, East Otago, New Zealand (Coombs and Wilkinson, 1969)
Table 6. Comparison of whole rock chemistry for a least altered Jerritt Canyon andesite dike (volatile-free basis and
normalized to 100%) to published basalt and andesite values compiled by Carmichael, et al. (1974). i-o
Rock Type "Andesite" Fe ls ic Fe ls ic
Je r r i t t  Canyon ( R ) ( L )
SAMPLE # MASH-7
Co ppm 40 1 1
Cr ppm 326 4.1 4
Cu ppm 83 12 10
Ni ppm 89 4.5 0.5
Rb ppm 44 276
V ppm 1 88 44 20
Interm ediate M afic M afic U lt ra m a f ic
( L ) ( R ) ( L ) ( R )
1 0 48 50 1 1 0
20 170 200 2980
30 72 1 00 42
20 1 30 1 50 2000
32 0.14
100 250 250 40
Data sources:
(R): Rose et al. (1979) 
(L): Levinson (1 974)
Table 7. Comparison of selected trace element chemistry for a least altered Jerritt Canyon andesite dike to published averages 
for felsic, intermediate, mafic, and ultramafic composition igneous rocks.
to
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tholeiites (based on silica and alumina content). However, because of the precedence 
for its usage and the distinction from Tertiary basalt dikes it provides, "andesite" is 
used to identify this igneous type throughout this thesis.
Andesite dikes are typically 1-3 meters in width and can be traced intermittently 
along strike for up to a mile. They strike dominantly N50-70W, although a few 
examples in the vicinity of the Wright Window deposit have strikes within the N35W- 
N1 5E range (Fig. 7). Dips are usually subvertical although a few occupy low angle 
structures. The margins of andesite dikes are locally sheared and in places exhibit left- 
lateral displacement. Clasts of andesite dikes are present within solution collapse 
breccias near the top of the Hanson Creek Formation exposed in the Burns Basin open 
pit.
No andesite dikes known from this study can be described as completely fresh. 
Andesite dikes preserve at least two alteration mineral assemblages which predate gold 
deposition, a process that superimposes a third alteration mineral assemblage. Some of 
the least altered andesite dikes are known from Cow Canyon near the geographic center 
of the Jerritt Canyon District, and sample JGS-74 from this area demonstrates typical 
mineralogy and texture (Fig. 8). If later alteration effects are ignored, the primary 
igneous mineral assemblage for andesite dikes consists of: 1) 50-55% plagioclase 
(-Anso) principally as 0.5 to 1.0 mm laths within the groundmass and as sparse 
phenocrysts between 4 and 7 mm in long dimension, 2) 30-40% subhedral to euhedral 
augite crystals <0.1 to 0.5 mm (rarely up to 2 mm) in maximum dimension, 3) 0-6% 
euhedral olivine crystals typically 0.5 to 2 mm in maximum dimension, 4) 3-5% 
irregular to prismatic grains, <0.5 mm, of amphibole that is rich in potassium 
(Hofstra, 1 994) and that can be present as overgrowths on augite (Fig. 9), 5) 2-5% 
skeletal grains of ilmenite ranging 0.5 to 2.0 mm, and 6) probably ~1% biotite, with 
the majority of biotite probably having formed as a result of alteration.
Radiometric dating of andesite dikes
The numerous attempts at radiometric dating of primary minerals within andesite 
dikes have been reviewed by Hofstra (1994). The most reliable dates are from two 
amphibole separates from an andesite dike in Cow Canyon (sample JGS-74, Fig. 9) that 




Fig. 8. Sample JGS-74, outcrop of andesite dike, Cow Canyon near the geographic 
center of the Jerritt Canyon District. Typical mineralogy and texture of andesite dikes, 
a. Plane polarized light, b. Crossed nicols.
30
q q millimeters q ^
Fig. 9. Sample JGS-74, Cow Canyon, a. Photomicrograph in plane polarized light of 
amphibole overgrowths on clinopyroxene and parallel arrays of acicular apatite in 
barian K-feldspar. b. Map of same image.
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Potassium feldspar alteration assemblage in andesite dikes
Potassium feldspar with optical properties and habit consistent with a secondary 
origin is present in variable amounts in all unmineralized andesite dikes examined in 
this study. The potassium feldspar is untwinned ("limpid"), has a 2V optic angle of 
essentially 0°, can be rich in barium, and is host to abundant extremely acicular 
crystals of fluorapatite. This K-feldspar is present both within the groundmass (Fig.
9) and as replacement coronas on plagioclase (Fig. 10). Fluorapatite needles within the 
K-feldspar commonly are aligned in parallel arrays (Fig. 9), which may reflect a 
control on their alignment by the K-feldspar crystallography. Figures 10 and 11 
demonstrate the irregular and incomplete nature of the K-feldspar replacement of 
plagioclase and the very distinct chemistry of the two minerals as determined on the 
scanning electron microscope. The K-feldspar is not necessarily barium-rich (Figs.
1 2 and 13), although the optical and textural properties remain consistent throughout 
the Jerritt Canyon District.
A petrographic argument can be made to link the large majority of biotite present in 
andesite dikes to this K-feldspar alteration assemblage. First, the biotite is present as 
exceedingly thin individual flakes typically <0.1 mm in maximum dimension, often 
partially replacing augite. This "shreddy" habit is similar to that of secondary biotite 
in potassically altered portions of porphyry copper systems. Secondly, the volume of 
biotite with this habit varies directly with the volume of K-feldspar (Fig. 14).
Small amounts of base metal sulfides and trace micron-sized grains of a Ca-Zr 
silicate are present with K-feldspar and apatite in the groundmass of andesite dikes 
(Figs. 1 5 and 1 6). These minerals may have formed during the K-feldspar alteration 
event based on the spatial association, although definitive petrographic evidence for 
this possibility is lacking. Rare, small grains of chalcopyrite and sphalerite (Fig. 17 
and 1 8) are found in most andesite dikes lacking gold mineralization. Indeed, most 
andesite dikes are weakly anomalous in zinc (>50 ppm) and, to a lesser extent, copper 
(>30 ppm). One surprise from the work on the scanning electron microscope was the 
discovery of rare grains of an unidentified Co-Ni sulfide in sample SP116 670-675 
(Figs. 1 5 and 16). Some of this base metal content may reflect the mafic heritage of 
this igneous type, but much of it is thought to be truly secondary in origin. A second 
surprise was the identification of micron-size grains of a Ca-Zr silicate in two 
andesite dikes, samples SP1 16 670-675 (Figs. 15 and 16) and JGS-74. These grains 
are provisionally identified as gittinsite (CaZrSijO/). The possibility that this Ca-Zr
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Fig. 10. Sample JGS-74, andesite dike outcrop in Cow Canyon near the geographic 
center of the Jerritt Canyon District, a. Plane polarized light of a 1 mm plagioclase lath 
with an unaltered core and a replacement rim of very low 2V K-feldspar hosting 
acicular apatite, b. Crossed nicols. Same field of view.
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Fig 10 contd. c. Scanning electron image showing distribution of plagioclase (black,
center and small portions within corona) and barian K-spar (medium gray, majority
of corona), d. Map of c. showing sites of energy dispersive spectral analyses (Fig. 11).
Fig. 11. Sample JGS-74, Cow Canyon. Energy dispersive spectra for locations a-j (Fig. 10). a-c. Plagioclase from core of grain 
that has not been replaced by K-spar. d. Remnant of unreplaced plagioclase within the K-spar replacement corona. oj
-P*
Fig. 11 contd. e-h. Barian K-spar replacement of plagioclase.
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Fig. 11 contd. i. Barian K-spar replacement of plagioclase. j. Apatite within K-spar replacement corona. 
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Fig. 12. Sample SH99C-627, core intercept from the DASH Project, a. Photomicro­
graph under crossed nicols of K-spar replacement corona on sericitized plagioclase. b.
Map of a. showing sitess of energy dispersive spectral measurements (Fig. 13).
Fig. 13. Energy dispersive spectra for locations a-e (Fig. 12). a. Edge of sericitized plagioclase core partially replaced by K- 
spar. b. Sericitized core of plagioclase grain without K-spar replacement, c. K-spar replacement corona, e. Apatite needle 
adjacent to plagioclase grain.
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Fig. 14. Comparison of potassium metasomatism in andesite dikes, standard thin 
sections stained for plagioclase and K-spar in plane polarized light, a. Sample SPAG-1, 
Spaghetti Project. Plagioclase (pink stain) dominates, with minor K-spar (yellow 
stain) and reddish brown biotite. b. Sample WRT-1, south of Wright Window Project. 
K-spar has replaced most of the plagioclase and biotite content is increased.
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Fig. 15. Sample SP116 670-675, Spaghetti Project, a. Secondary electron image of an 
andesite dike showing relationship of sulfide, phosphate, and silicate mineral species, 
b. Map of a. showing locations of energy dispersive spectral measurements (Fig. 16).
Fig. 16. Sample SP1 16 670-675. Energy dispersive spectra for locations a-d (fig. 15). a. Apatite, b. Unknown Ca-Zr silicate 
(gittinsite?). c. Chalcopyrite. d. Unknown Co-Ni sulfide.
t—*
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Fig. 17. Sample SP116 670-675, reverse circulation drill hole intercept, Spaghetti 
Project, a. Secondary electron image of an andesite dike showing sphalerite along a 
fracture in plagioclase. b. Map of same image.
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Fig. 18. Sample SP1 16 670-675, reverse circulation drill hole intercept, Spaghetti 
Project. Energy dispersive spectrum for the sphalerite grain in Fig. 1 7.
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silicate could be contamination from the compound used to polish the thin sections was 
investigated through conversations with the thin section preparator and the 
manufacturers of the polishing paste. Contamination is not indicated.
The geographic limits of the K-feldspar alteration assemblage exceed the 
dimensions of the Jerritt Canyon District since all andesite dikes examined in this 
effort included the assemblage to some degree. A spatial pattern is present in the 
intensity of this assemblage as expressed by K2O content of andesite dikes. Andesite 
dikes with the highest K2O values are scattered within the center of the west facing 
"crescent" of known gold orebodies of the Jerritt Canyon District (Fig. 19). Further, 
this is also the area where K-feldspar in andesite dikes can be barium-rich. Early in 
this study, this apparent spatial correlation of a central area of potassium enrichment 
surrounded by a haio of gold deposits suggested a genetic relationship between the two 
phenomena. The understanding of the alteration and mineralization paragenesis that 
later developed through work with A. Hofstra (Phinisey et al., 1995) refuted this 
possible link. Specifically, radiometric evidence points to a minimum Z80 million 
year time gap between the K-feldspar assemblage in andesite dikes and the deposition of 
gold in the Jerritt Canyon District.
Although radiometric dating of only K-feldspar in andesite dikes has not yet been 
accomplished, the weight of existing evidence indicates that the K-feldspar alteration 
assemblage is temporally indistinguishable from the crystallization of the andesite 
magma and therefore may have formed by deuteric alteration. Hofstra (1994) presents 
an indirect argument for a pre-1 ZO Ma age for the barian K-feldspar in sample JGS- 
74 based on 40A r-39Ar dating of mixtures of barian K-feldspar and sericite. A more 
direct interpretation is presented here based on the inclusion of biotite in the K- 
feldspar alteration assemblage. Dahl (1988) reported that Independence Mining 
Company submitted to Geochron Laboratories sample 88MGI-1 5, an andesite dike 
exposed in a haul road cut southeast of the Saval orebody (Fig. 5). Geochron 
Laboratories made a -100/+Z00 mesh biotite concentrate from this sample that 
yielded a K-Ar age of 3Z1 ±11 Ma (Appendix VII). This age is consistent with the 40Ar- 
39Ar dates on amphibole reported by Hofstra (1994). If biotite in andesite dikes is 
truly secondary and formed in association with K-feldspar, then a late magmatic or 
immediately post-magmatic hydrothermal origin for the K-feldspar alteration 
assemblage is indicated.
A much less favored interpretation of the relationship of the K-feldspar alteration
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assemblage to the age of andesite magma crystallization has been considered. Although 
highly speculative, it may be possible that potassic alteration at 320 Ma resulted in 
the K-feldspar alteration assemblage as here defined and changed the potassium content 
of magmatically-derived amphibole to cause it to yield that same age. In this event, the 
age of intrusion of andesite magma at Jerritt Canyon would only be constrained to be 
older than 320 Ma.
The opportunity exists for additional 40A r-39Ar age dating of K-feldspar and 
biotite and perhaps even U-Pb age dating of gittinsite(?) in andesite dikes to further 
define the early magmatic and hydrothermal history of the Jerritt Canyon District.
Sericite alteration assemblage in andesite dikes
Certain phyllosilicate, carbonate, and miscellaneous minerals appear to vary 
together in intensity and can often be intergrown replacing the same grain. This 
collection is termed the sericite alteration assemblage and its members are described 
below.
Plagioclase is sericitized to at least some degree in all andesite dikes investigated 
(Figs. 12, 26 a., 41, 48, 52, 55 a., 57 a., 60). Hofstra (1994) and Foiger (1995) 
have identified this mineral as 2M illite, confirmed here by x-ray diffraction (Fig. 
61). The illite can be coarse grained, especially in large plagioclase phenocrysts, and 
such coarse material lends itself to determination of optical properties and 
identification of a 2V optic angle of essentially 0°.
Many strongly sericitized andesite dikes have augite grains that are altered to a pale 
green phyllosilicate speckled with small opaques (Fig. 20). Results of powder camera 
x-ray diffraction analysis of a sample scratched from the surface of a polished section 
(Fig. 62) are consistent with lizardite, a serpentine-like mineral. Examination of the 
opaque under reflected light shows it to have the color, habit, and internal reflections 
of leucoxene. Provisional inclusion of lizardite-leucoxene alteration of augite in the 
sericite alteration assemblage in andesite dikes is here proposed.
Amphibole can be sericitized, although pleochroic chlorite is the more abundant 
alteration product of amphibole. Chlorite is here included in the sericite alteration 
assemblage.
Calcite is always present in the groundmass of sericitized andesite dikes and can be 
intimately intergrown with illite in altered plagioclase grains. Calcite is also included 
in the sericite alteration assemblage.
Grains preserving excellent olivine habit are always altered to mixtures of calcite,
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Fig. 19. Distribution of K2O contents in andesite dikes that contain greater than 1 wt% 
Na20 (i.e., have not reacted with the gold-depositing hydrothermal fluid). Note region 
of >5 w t%  K2O in the vicinity of Cow Canyon in the approximate center of the Jerritt 
Canyon District.
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chlorite, and sometimes a little quartz (often with chalcedonic appearance). Many 
times it is the case that the core of the olivine alters to a roundish kernel of calcite 
while the perimeter of the olivine goes to chlorite that preserves the hexagonal outline 
(sample MASH-6 is a good example). Olivine destruction is also provisionally included 
in the sericite alteration assemblage.
Trace amounts or small pyrite and chalcopyrite grains are recognized within altered 
olivine sites. Some or ail the base metal sulfides thought to have been deposited as 
part of the K-feldspar alteration assemblage may have been deposited in association 
with the sericite alteration assemblage. Alternatively, olivine destruction may be 
related to the K-fe!dspar alteration assemblage or to an otherwise unrecognized 
alteration event.
Hofstra (1994) presents evidence based on ^ A  r-39Ar dating to support a mid- 
Cretaceous (~118 Ma) age for illite in andesite dikes at Jerritt Canyon. Two years 
earlier, Honea (1 992) reported that Independence Mining submitted to Geochron 
Laboratories sample GR50A-648, a core intercept through a strongly auriferous 
andesite dike from the Gracie orebody (Figs. 59, 60). Geochron Laboratories made a 
"sericite" (illite, Fig. 61) concentrate from this sample that yielded a K-Ar age date of 
11 8 ±3 Ma (Appendix VI), which is reported here for the first time.
The degree of sericitization varies among andesite dikes within the Jerritt Canyon 
District but there is no recognized pattern to the variability or spatial correlation to 
the known gold deposits.
General description of basalt dikes
Basalt dikes are the second most abundant igneous dike type in the Jerritt Canyon 
District (Fig. 21), although they are much less abundant than andesite dikes. They have 
been recognized throughout the district and the best examples were exposed by mining 
in the West Generator Hill open pit. Basalt dikes are the only igneous type other than 
andesite dikes known to be mineralized. Basalt dikes are typically a few centimeters to 
3 meters in width and are difficult to trace because they are discontinuous, branch, 
change strike, and locally become sills. The irregular morphology of the dikes suggests 
that the basaltic magmas were not very viscous. Some dikes strike N10E, N50E, and 
NW, have variable dips, and can occupy low angle fractures. Contacts with surrounding 
host rocks are sharp and usually not significantly disrupted by subsequent faulting. 
Clasts of basalt dikes are present within solution collapse breccias near the top of the
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Fig. 20. Sample SPAG-1 from the Dogleg Dike andesite. Photomicrograph of an augite
grain partially replaced by pale green lizardite and opaque leucoxene, which in turn is
partially replaced by murky silica, a. Plane polarized light, b. Map of same image.
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Hanson Creek Formation in the West Generator Hill pit (Hofstra, pers. comm.).
The mineralogy of barren basalt dikes consists of 1) 75% groundmass consisting of 
very fine grained laths (maximum 0.25 mm) of piagioclase that is partially altered to 
calcite, 2) 15% euhedral augite or pigeonite crystals typically 0.25 to 1.5 mm, which 
are often twinned and concentrically zoned, and 3) 10%  euhedral olivine crystals, 
typically 1 -2 mm, which are always altered to combinations of serpentine, calcite, 
quartz, and opaques (Fig. 22). Diagnostic textures for this igneous type, which are 
recognizable through subsequent hydrothermal alteration, include glomeroporphyritic 
clustering of pyroxene crystals (Fig. 23) and the very distinctive grain size contrast 
between euhedral olivine phenocrysts and groundmass piagioclase laths (Fig. 26). 
Some basalt dikes contain a few percent small vesicles, first recognized by Honea 
(1990), that are now filled with chlorite and calcite (Fig. 25).
Radiometric dating of basalt dikes
Hofstra (1994) reports a whole rock 40Ar-39Ar age of 40.8 ±0.1 Ma, which is 
interpreted to be the age of crystallization of the magma. The importance of this date to 
the understanding of the geochronology of the Jerritt Canyon District cannot be 
overstated. As reviewed by Hofstra (1994) and Phinisey et al. (1995), the same 
unaltered basalt dike that was dated at 40.8 ±0.1 Ma is mineralized with gold at deeper 
levels in the West Generator orebody. This is compelling evidence for the deposition of 
gold in the Tertiary.
Pre-gold alteration of basalt dikes
The K-feldspar and sericite alteration assemblages recognized in andesite dikes are 
absent in basalt dikes. This fact is best demonstrated at a highwall exposure of an 
intersection of basalt and andesite dikes at Bertuca's Knob in the Burns Basin open pit 
(Fig. 24). This intersection was investigated by R. Eliason of the Independence Mining 
geologic staff, A. Hofstra of the USGS, and me in June, 1993. The importance of this 
intersection has been reviewed by Hofstra (1994) and Phinisey et al. (1995). 
Specifically, the andesite dike at the intersection records alteration by both the K- 
feldspar and sericite assemblages whereas the basalt dike at the intersection shows 
only weak calcite alteration of piagioclase (Fig. 26). Field and petrographic 
relationships show that both K-feldspar and sericite alteration assemblages pre-date 
the intrusion of basalt dikes. Field and petrographic relationships elsewhere in the
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Fig. 21. Distribution of basalt dikes in the Jerritt Canyon District known from outcrop 
or mine exposure (strike and dip symbols) and drill hole intercepts (circles).
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Fig. 22. Sample 6840-1, West Generator open pit. Polished thin section showing 
typical mineralogy and texture of unmineralized basalt dikes, a. Plane polarized light. 
Pyroxene (center and middle left) and altered olivine (lower right and upper left) 
phenocrysts in felty groundmass of fine grained plagioclase. b. Crossed nicols of same 
field of view. Olivine phenocrysts are altered to quartz, clay, and opaques.
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Fig. 23. Sample 6840-1, West Generator open pit. Polished thin section showing 
glomeroporphyritic texture of pyroxene phenocrysts typical of basalt dikes at Jerritt 
Canyon, a. Plane polarized light, b. Crossed nicols of same field of view.
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Fig. 24. a. Highwall at Bertuca's Knob, Burns Basin open pit showing andesite dike 
crosscut by basalt dike. b. Map of same image showing field relationships. Bench 
heights are 40 ft., with some 20 ft. intermediate benches discernible.
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Fig. 25. Hand specimens from sericitized andesite dike (Pa, left) with 7 mm white 
plagioclase phenocrysts and unsericitized basalt dike (Tbi, right) with white calcite 
filled vesicles. Samples taken from the dike intersection at Bertuca's Knob, Burns 
Basin pit. Sawn surfaces wetted with water to emphasize textural and compositional 




Fig. 26. Comparison of polished thin sections under crossed nicols for the andesite and 
basalt dikes at the dike intersection at Bertuca's Knob. a. Andesite dike showing 
partially sericitized plagioclase. b. Basalt dike showing unsericitized plagioclase laths 
and an altered olivine phenocryst.
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Burns Basin and West Generator orebodies show that gold deposition post-dates 
intrusion of basalt dikes. Even if radiometric age dates were not available, it is 
possible to show a clear temporal separation of the K-fe!dspar and sericite assemblages 
from alteration associated with gold deposition. Radiometric dating by Hofstra (1994) 
serves to quantify this time gap, a period of at least 78 million years.
The only alteration effect in basalt dikes that can be argued to have formed prior to 
gold deposition is the destruction of olivine. Fresh olivine is never found in basalt 
dikes, even those distal from ore (Fig. 26). Grains with excellent olivine habit are 
always composed of quartz, calcite, clays, and opaques.
General description of quartz monzonite dikes
Quartz monzonite dikes are known at only two outcrops and neither is mineralized 
with gold. The Rocky Canyon outcrop is located 3 km southwest, and the Smith Creek 
outcrop is located 5 km southwest of the Burns Basin deposit (Fig. 27). At each outcrop 
the dike strikes N50E and is approximately 20 m wide. One possibility is that they are 
faulted offsets of a single intrusion (Loranger, pers. comm., 1991). The outcrop at 
Smith Creek contains rare centimeter-size xenoliths of quartzite, interpreted to be 
Eureka Quartzite (Fig. 29).
Primary mineralogy (Fig. 28) consists of 1) 35-40% plagioclase laths ranging
0.5-1.5 mm, 2) 35-40% potassium feldspar (probably sanidine, based on 2V optic 
angle of 1 0-20°) present as blocky grains interstitial to plagioclase and within 
granophyric intergrowths, 3) 10% prismatic crystals of green hornblende typically
0.5 mm in maximum dimension, 4) 5-8% biotite grains typically 0.5 mm in length 
that often demonstrate kinked appearance, suggesting post-crystallization deformation, 
5) 5-8%  quartz as 0.05-0.2 mm grains interstitial to feldspars and with potassium 
feldspar in granophyric intergrowths, and 6) accessory 0.05 mm grains of 
titaniferous magnetite.
Radiometric dating of quartz monzonite dikes
A. Dahl (1989) reported that Independence Mining submitted to Geochron 
Laboratories sample 88-MGI-18 from the quartz monzonite dike outcrop at Smith 
Creek. Geochron Laboratories made a -80/+200 mesh hornblende concentrate from 
this sample that yielded a K-Ar age date of 39.9 ± 2.3 Ma (Appendix VII). This age is 
consistent with the 40A r-39Ar date of 39.2 ±0.1 Ma reported by Hofstra (1 994) for
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Fig. 27. Location of the quartz monzonite dike outcrops at Smith Creek and Rocky 
Canyon and the float occurrence of the ultramafic dike at Coffin Ridge.
Fig. 28. Sample RC-2, outcrop near Rocky Canyon. Typical mineralogy and texture of




Fig. 29. Sample SC-8. Margin of quartz monzonite dike from outcrop at Smith Creek in 
contact with hornfelsed Roberts Mountains Formation, a. Plane polarized light, b. 
Crossed nicols. Moderately birefringent grains are diopside concentrated around the 
margin of a small xenolith of quartzite (extreme lower left).
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hornblende from the same outcrop. Geological investigations at Jerritt Canyon must be 
mindful of the possible presence of this igneous type in future mine exposures. 
Recognition of quartz monzonite dikes within an orebody would be an opportunity to 
further constrain the age of gold deposition at jerritt Canyon.
Alteration of quartz monzonite dikes
Plagioclase is often partially replaced by zeolite (heulandite or chabazite, based on 
optical properties). The zeolite has a distinctive feathery extinction under crossed 
nicols that facilitates its identification in thin section. In portions of thin sections 
stained for both plagioclase and potassium feldspar, the zeolite stains pink.
The groundmass of the quartz monzonite dikes contains small irregular grains of 
untwinned ("limpid") K-feldspar that has a 2V optic angle of <10°. It is often 
associated with calcite and can host acicular crystals of apatite. Also within the 
groundmass are trace amounts of sulfides (dominantly pyrite with rare chalcopyrite 
and sphalerite) and sub-micron grains of a Ca-Zr silicate provisionally identified as 
gittinsite. Two grains of epidote were found in one thin section of the quartz monzonite 
at Smith Creek.
The quartz monzonite dike at Smith Creek has converted the adjacent Roberts 
Mountains Formation to a hornfels of massive diopside and K-feldspar with apatite for 
a width of 1-3 meters. A 0.3 m wide apophysis of the Smith Creek dike within this 
hornfelsed zone (sample SC-8) contains abundant diopside (Fig. 29). Hornblende in 
sample SC-8 is brown, in sharp contrast to the green hornblende in the main body of 
the Smith Creek quartz monzonite dike. This color change is inferred to have resulted 
from the removal of Mg from the hornblende in sample SC-8 during alteration. This 
liberation of Mg may have then facilitated the formation of diopside. Titaniferous 
magnetite in sampie SC-8 is partially replaced by sphene (Figs. 30 and 31) and 
chalcopyrite, sphalerite, and the Ca-Zr silicate are also recognized (Fig. 32).
Field and petrographic observations regarding the alteration of the quartz 
monzonite dikes, especially at the Smith Creek outcrop, are consistent with moderate to 
strong deuteric alteration. Elevated water content within the quartz monzonite magma 
would facilitate deuteric alteration. Both the Smith Creek and Rocky Canyon outcrops 
preserve granophyric intergrowths of K-feldspar and quartz, a texture that forms 
most readily under hydrous conditions (Fenn, 1966). Hofstra (1994) dated the zeolite 






Fig. 32. Energy dispersive spectra for some minerals associated with strong deuteric alteration of the quartz monzonite dike at 
Smith Creek (sample SC-8), a. Pyroxene, b. Sphalerite, c. Chalcopyrite. d Ca-Zr silicate (gittinsite?). O J
64
± 2.60 Ma. Curiously, this date is slightly older than the two hornblende age dates from 
the Smith Creek outcrop. Hofstra argues that this age date reflects a deuteric origin of 
the zeolite. Radiometric dating of K-feldspar of secondary origin both within the Smith 
Creek outcrop and the adjacent, diopside and K-feldspar hornfels is proposed to further 
test the likelihood of the formation of the alteration assemblage by deuteric processes.
General description of the ultramafic dike
A single ultramafic dike is known at Coffin Ridge, 13 km northwest of the West. 
Generator open pit (Fig. 27). The dike does not crop out and is recognized only in a float 
exposure along the axis of the ridge. Sample CR-1 is the one sample of this igneous type 
in this study.
The ultramafic dike is composed of subequal volumes of 0.5-1.0 mm grains of 
olivine and augite with accessory magnetite (Fig. 33). Feldspars are totally absent. 
Olivine is mostly fresh and is only partially altered to serpentine minerals. 
Serpentinized portions of the rock host abundant ultra-thin flakes of biotite (identical 
in habit to the majority of biotite in andesite dikes), acicular apatite, magnetite, and 
probable marcasite (Fig. 34). The relatively unaltered condition of the olivine is 
interpreted to reflect a Tertiary age, although this igneous type has not yet been 
radiometrically dated. This one occurrence of ultramafic dike does not host gold 
mineralization.
Discussion of pre-gold alteration styles in igneous dikes
Exclusive of the sericite alteration assemblage in andesite dikes, there is a 
remarkable degree of correspondence in the pre-gold alteration assemblages present in 
andesite, quartz monzonite, and ultramafic dikes. The assemblages of zeolite-K- 
feldspar-apatite-calcite-iron and base metal sulfides-gittinsite(?) ± diopside ± 
sphene in quartz monzonite dikes and of serpentine-biotite-apatite-iron sulfide (? ) in 
the ultramafic dike are most likely deuteric in origin. These, in turn, are similar to 
the assemblage of K-fe!dspar-apatite-biotite-gittinsite(?)-iron and base metal 
sulfides present in andesite dikes. This overall pattern reinforces the possibility of a 
deuteric origin for the K-feldspar assemblage in andesite dikes. The lack of deuteric 
effects (with the possible exception of olivine destruction) in basalt dikes is curious. A 
possible reason may be the lack of a hydrous component to the basalt magma.
The sericite alteration assemblage in andesite dikes at Jerntt Canyon presents
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millimeters
a 33 Sample CR-1 standard thin section showing typical mineralogy and texture 
? r \ h ^ S a f i c  dike at Coffin Ridge, a. Plane polarized light. Pyroxene (light
paque), and an unidentified acicular opaque (marcasite?). b. Crossed mcols.
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Fia 34 Sample CR-1 Coffin Ridge. Detail of Fig. 33. a. Photomicrograph in plane
polarized light of serpentinized ultramafic dike. Not\ trjlnS^  3P3 ‘
within the groundmass at upper center of the image, b. Map of same image.
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similarities and important differences to recent findings on the Carlin Trend (Fig. 2).
At Jerritt Canyon (Hofstra, 1994; Phinisey et al., 1995; Appendix VI) and on the 
Carlin Trend (Arehart, 1992), ore-grade igneous dikes can host illite that yields 
Cretaceous (~118 Ma) radiometric dates. Arehart (1992) argues for a Cretaceous age 
for gold deposition in the northern portion of the Carlin Trend. But field, petrographic, 
and radiometric evidence discussed above support a Tertiary age for gold deposition at 
jerritt Canyon. Perhaps Carlin-type hydrothermal activity has occurred throughout 
the region at multiple periods, allowing for multiple age dates. Alternatively, if only a 
single, narrow time interval is considered for deposition of Carlin-type gold deposits 
within the region, then errors must be found in the collection and interpretation of data 
by Arehart (1992) and/or Hofstra (1994) and this thesis.
Because iilites can inherit material from precursor minerals, such as biotite, the 
illite dates of Arehart (1992), Hofstra (1994), and this thesis (Appendix VI) may not 
be representative of a single hydrothermal event. But the consistency of dates for illite 
reported in these studies (~118 Ma) at both the district and regional scales argues 
against such contamination and for a single, regionally-extensive hydrothermal event.
STRUCTURAL GEOLOGY OF THE JERRITT CANYON DISTRICT KNOWN FROM DIKES 
Structural controls of andesite dike intrusion
The strong preference for Pennsylvanian age andesite dikes to strike 270° ± 20° 
with steep dips (Fig. 7) is interpreted as evidence for a structural control for magma 
emplacement. I interpret the distribution of gold, with highest concentrations centered 
on the dikes (Fig. 35), to indicate that these same structures that controlled magma 
emplacement were also used as steeply dipping conduits for the introduction of gold- 
bearing hydrothermal fluids. Important portions of the essential "plumbing system 
responsible for gold deposition were created no later than the early Pennsylvanian and 
that this plumbing system has been accessed by both magmas and hydrothermal fluids 
during multiple events since that time.
Northwest-striking faults that are filled with andesite dikes record displacement 
since the time of igneous intrusion. The contacts of andesite dikes in these fault zones 
with the host sedimentary rocks are represented by narrow gouge zones incorporating 
both igneous and sedimentary rocks. Slip planes within these gouge zones preserve 
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Fig 35. Burns Basin open pit, 7200 bench. Simplified toe and crest highwall geologic map showing spatial relationship of blast 
hole gold assays to argillized and sulfidized andesite dikes. Scale bar is 50 ft.
nature. "Stair-stepping" of these striated slip planes indicates left-lateral strike-slip 
displacement. Andesite dikes can be truncated by northwest-striking faults (Fig. 36).
Relationship of andesite dikes to major thrust faults
Three important thrust faults are recognized within the Jerritt Canyon District: the 
Roberts Mountains Thrust, the Saval Discontinuity, and the Burns Creek Thrust. The 
Roberts Mountains Thrust has emplaced Ordovician age basalt flows, chert, shale, and 
quartzite of the Snow Canyon Formation over Siluro-Devonian Roberts Mountains 
Formation calcareous siltstone. Secondly, the contact between overlying Roberts 
Mountains Formation and underlying unit 1 of the Siluro-Ordovician Hanson Creek 
Formation (SO hcl) is known as the Saval Discontinuity, a zone of low angle faulting 
recognized throughout the Jerritt Canyon District (Loranger, pers. comm., 1991). Up 
to 370 ft. of upper Hanson Creek Formation can be missing in the footwall of the Saval 
Discontinuity (Jones, pers. comm., 1995). The most recent movement along both 
faults is constrained to be older than 320 Ma because andesite dikes crosscut these 
structures without displacement (Figs. 37 and 38). These observations also suggest 
that the Antler Orogeny had waned at Jerritt Canyon by the earliest Pennsylvanian. 
Andesite dikes are known in the footwall and hanging wall of the Burns Creek Thrust. 
However, there is no known exposure of an andesite dike at the fault plane and no 
constraints on the age of displacement along the Burns Creek Thrust based on the age of 
intrusion of andesite dikes are yet established (Loranger, peis. comm., 1995).
Relationship of andesite dikes to breccias within SOhc2
Stratiform and stratabound breccias containing abundant clasts of barite veins are 
locally developed in unit #2 of the Hanson Creek Formation (SOhc2), including the 
Burns Basin open pit (Fig. 39). Relationships of andesite dikes to these breccias 
support a solution collapse mechanism for their formation. First, nearly vertical 
andesite dikes crosscut the breccias without offset. Secondly, pieces of andesite dike are 
incorporated in the breccias immediately adjacent to dike margins. Thirdly, the 
breccias are crudely stratified. Clasts of andesite dike within the breccia require 
development of the breccia after andesite dike intrusion. But the lack of offset of 
andesite dikes in the breccia zones argues against low angle faulting as a mechanism to 
form the breccias. Dissolution of carbonate from SOhc2 and subsequent collapse could 
form breccias consistent with the previous observations. This is the favored hypothesis
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shown in a.
Fin Haul road cut behind water tank immediately west of the Pattam Springs open
pi?.’ l 6^ J t e  ^ u ^ e 6  by northwest-striking fault, b. Map of relat.onsh.ps
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Fig. 37. "Dogleg dike", Pattani Springs haul road cut. View (a.) and map (b.) looking 
northwest of an andesite dike (Pa) crosscutting Roberts Mountains Thrust (RMT), 
Roberts Mountains Formation (DSrm) and Snow Canyon Formation (Osc).
72





hammer for scale, b. Map of relationships shown in a.
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Fiq 39 Solution collapse breccia showing pieces of SOhc2 dolomite (tan) 
(white), and rare pieces of SOhcl chert (black). Burns Basin pit. Scale in
, barite vein 
cm.
—r i—7 o
for the formation of the breccias in SOhc2.
Breccias in SOhc2 host gold ore. Based on this observation, the breccias are 
interpreted to have formed prior to 40.8 Ma. The inclusion of abundant barite vein 
clasts within SOhc2 breccias then argues for a "pre-gold" hydrothermal event 
responsible for deposition of abundant barite veins within the upper Hanson Creek 
Formation. Correlation of this hydrothermal event to pre-gold alteration events 
recorded in the igneous dikes at Jerritt Canyon is not possible at the present time.
CHEMICAL CHANGES IN ANDESITE DIKES RELATED TO GOLD DEPOSITION 
General considerations
Both Pennsylvanian age andesite dikes and Tertiary basalt dikes are known to be 
mineralized with gold. Andesite dikes known from core intercepts from several gold 
orebodies within the Jerritt Canyon District are particularly well suited for 
deciphering the chemical and mineraiogical changes specifically related to gold 
deposition. Multiple samples from unaltered andesite dikes (e.g., samples SVL-1 and 
SVL-2, Appendix IX) indicate they chemically homogeneous over their widths prior to 
gold deposition. These narrow core intercepts often have altered and mineralized 
margins but centers that are relatively unaltered and without appreciably elevated gold 
content. It is then possible to compare the chemistry and mineralogy of the centers to 
that of the margins to establish the changes specific to the process of depositing gold. 
Further, variability in these changes as a function of vertical distance from sediment- 
hosted ore zones can also be investigated.
Construction and interpretation of isocon diagrams
Chemical changes are easily and graphically demonstrated with the use of isocon 
diagrams, based on the adaptation of work by Gresens (1 967) by Grant (1986). In 
these diagrams, the trace elements and major oxides for an unmineralized dike center 
(ordinate) are plotted in logarithmic scale against those of the altered and mineralized 
margin (abscissa) with the chemical components arranged in order of increasing 
abundance starting with Au at the left and ending at S1O2 on the right. A line ( isocon ) 
connecting those chemical components which have been neither added or subtracted 
during the alteration process will have a slope of 1. If volume is conserved during the 
process of alteration, the isocon will project towards the origin of the log log plot, 
mass is removed from the rock by the process of hydrothermal alteration, the isocon
76
will retain its slope of 1 but will shift upwards. This upward shift reflects the 
apparent increase in immobile chemical components in the altered and mineralized 
rock. Similarly, the isocon will shift downwards if mass is increased during alteration. 
Those elements which are enriched by the process of mineralization will plot above the 
isocon while those which have been diminished will plot below it.
The first step in the interpretation of the isocon plots is the selection of chemically 
immobile components that will define the isocon. Recent work in Cariin-type deposits 
has presented evidence to support the immobility of AI2O3 andTiC>2 in these 
hydrothermal systems (Bakken, 1988: Kuehn, 1989; Hofstra, 1994) and these are 
the principal components considered to define the isocon. However, the data presented 
in the following three examples show a variable AI2Q3/T1O2 ratio in each comparison 
and therefore a lack of colinearity of AI2O3 andTi02 on the isocon plots. One or both of 
these components in andesite dikes at Jerritt Canyon is mobile in the gold-depositing 
hydrothermal environment, making the proper placement of the isocon a non-trivial 
exercise. The approach taken in the three examples is to present two isocons, one based 
on the assumption of constant volume and the other based on the assumption of constant 
A l?03. A petrographic argument for volume loss in andesite dikes caused by reaction 
with the gold-depositing hydrothermal fluid is presented below. Based on this 
argument, the assumption of constant volume is untenable and the isocon based on the 
assumption of constant volume then serves as a "floor" above which a valid isocon must 
lie. Similarly, a petrographic argument for at least minor AI2O3 addition during gold 
deposition is presented below. Based on this argument, the assumption of constant 
AI2O3 is untenable and the isocon based on the assumption of constant AI2O3 then serves 
as a "ceiling" below which a valid isocon must lie. These assumptions of constant 
volume and constant AI2Q3 constrain the proper placement of the isocon and, in these 
examples, bracket components often thought to be immobile (or nearly so) such as Zr 
and Y. Fortunately, the flux of important components is sufficiently large to be easily 
recognized even with the isocon "brackets" used in these examples.
The following three examples compare the unaltered center of an andesite dike to its 
corresponding altered and variably mineralized margin in hand specimen, thin section, 
and in isocon plots. All three are core intercepts through andesite dikes near the DASH 
orebody in the east-central portion of the Jerritt Canyon District. The first example is 
located immediately above sediment-hosted ore, the second example is located 
approximately 100 ft. above sediment-hosted ore, and the third example is located 
approximately 200 ft. above sediment-hosted ore.
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Example 1: SH99C-717 v. SH99C-749B, immediately above ore 
It is clear even in hand specimen (Fig. 40) that chemical reaction with the gold- 
depositing hydrothermal fluid is a process of argillization and sulfidation. This is 
confirmed petrographically. The primary igneous mineralogy in sample SH99C-717, 
although altered by processes described earlier and even weakly by the gold-bearing 
hydrothermal fluid, remains largely intact (Fig. 41). However, this rock did not 
withstand a full dose of the gold-bearing hydrothermal fluid, which converted sample 
SH99C-749B to a textureless mass of kaoiinite and marcasite (Figs. 42-45).
Enrichment in Au+As+Sb+Hg is the classic Carlin-style geochemical suite (Fig. 
46). Tungsten is also enriched in association with Au deposition, although no tungsten 
minerals were observed in this study. The strong enrichment in sulfur, also reflected 
in the abundant marcasite and barite (Figs. 44 and 45), has no corresponding 
enrichment in Fe203 (total iron) and BaO. Nearly total leaching of Na20 is followed in 
the intensity of depletion by K2O, Sr, Rb, MgO, and CaO. Base metals give conflicting 
results: Cu is weakly enriched, Pb is weakly depleted, and Zn has remained nearly 
immobile. Using arithmetic methods described by Grant (1986) and assuming the 
immobility of AI2O3, sample SH99C-749B has lost -36% of its volume with respect
to sample SH99C-717.
Example 2: SH99C-627 v. SH99C-595, 100 ft. above ore
Visual differences in hand specimen are similar to the first example (Fig. 47) as 
are mineralogical effects observed in thin section (Figs. 48 and 49). However, subtle 
but important chemical differences are present (Fig. 50). As, Hg, W, and S 
enrichments closely parallel those in the first example but Au and Sb enrichments a.e 
muted in comparison. Only Na20 and Sr clearly show depletion and these are just as 
intensely leached as in the first example. Assuming the immobility of AI203, sample 
SH99C-595 has lost -17% of its volume with respect to sample SH99C-627.
Example 3: SH150C-884 v. SH150C-869, 200 ft. above ore
Once again, visual differences in hand specimen are similar to the first example 
(Fig. 51) as are mineralogical effects observed in thin section (Figs. 52 and 53). 
Nonetheless, important chemical differences are present (Fig. 54). As, Hg, W, and S 
are only slightly less enriched than in the previous example. Au and Sb are no longer 
enriched in the dike margin. Na20 continues to show nearly complete removal, while 
Sr, MgO, MnO, and Cr show moderate depletion. Assuming the immobility of AI2O3, 
sample SHI 50C-869 has lost 7% of its volume with respect to sample SHI 50C-884.
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Fiq 40 Hand specimens for samples SH99C-717 (left) and SH99G-749 (rtght)
showing the contrast between an unaltered center of an andesitepd£ e® ®nd
corresponding argillized and strongly mineralized margin. Scale in c .
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a 41 Samole SH99C-717. Weakly altered and unmineralized core of an andesite 
ke tmmed^tely above a sediment-hosted ore zone. a. Plane polarized ight. Sencmzed 
agioclase is partially replaced by kaolinite pyroxenegrams.are totally 
Tiurkv silica" amphibole grains are partially replaced by chlorite biotite grams are 
laltered. Opaque grains are ilmenite. b. Crossed nicols of same field of view.
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Fiq 42 Sample SH99C-749 Polished thin section showing mineralogy and texture of 
the strongly altered and mineralized margin of the same andesite dike m F j  41 _a 
Crossed nicois. Silicate mineralogy is completely altered to kaolmite. b. Reflected light. 
Opaque grains are marcasite.
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Fia 43 Sample SH99C-749. Polished thin section through a pyrite-marcasite veinlet 
in strongly altered and mineralized andesite dike. a. Reflected light. Pyr.te with porous 
texture and anomalous anisotropy (yellowish brown) overgrown by interlocking 






Fig. 45. Sample SH99C-749A, core intercept from the DASH Project. Energy 











SH99C-717 <5 ppb Au
Fig. 46. An isocon plot using log scales for a diamond drill hole intercept ^rougha 
sinqle andesite dike immediately above the DASH orebody. The sample at a depth of 717 
ft is the unmineralized center and the sample at a depth of 749 ft. is the corresponding 
mineralized footwall dike margin. All values are in weight P e ^ 1̂ ^  
density which is in grams per cubic centimeter (g/cc). All values below the detection 
limit are dotted at the detection limit. The isocons based on the hypotheses of constant 
volume and constant alumina are shown. It would follow from an assumption of constant 
alumina that the mineralized dike margin had undergone a 36% volume reduction with
respect to the unmineralized center.
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SAMPLE # SH99C-71 7 SH99C-749B
Au ppb <5 7170
Hg ppb 40 31000
Ag ppm 0.2 0.4
Sb ppm 0.2 26
Be ppm <0.5 <0.5
Cd ppm <0.5 <0.5
Mo ppm <1 1
As ppm 2 1 330
Bi ppm <2 <2
Pb ppm 4 <2
W ppm 1 0 230
Ga ppm 22 22
Co ppm 30 32
Cu ppm 31 64
Y ppm 38 37
Rb ppm 62 1 6
Ni ppm 75 68
Zn ppm 108 104
Cr ppm 179 1 83
V ppm 209 242
Zr ppm 274 243
Sr ppm 351 62
S % 0.08 10.2
Ba ppm 1 392 472
MnO % 0.2 <0.1
P205 % 0.8 0.5
Na20 % 2.3 <0.1
Ti02 % 2.7 2.9
CaO % 2.9 1.4
Density g/cc 2 84 2.97
K20 % 3.2 0.3
LOI-S % 6.0 2.4
MgO % 6.4 0.8
Fe203 % 1 2.5 1 1.3
AI203 % 14.4 21.2
Si02 % 48.0 47.4
Table 8. Example 1, core hole SH99C, DASH Project. Chemical data used in Fig. 46.
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Fig. 47. Hand specimens for samples SH99C-627 (left) and SH99C-595 (right) 
showing the contrast between an unaltered center of an andesite dikes and the 
corresponding argillized and weakly mineralized margin. Approx,mately 100 ft. above 
sediment-hosted ore. Scale in cm.
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Fig. 48. Sample SH99C-627. Polished thin section showing mineralogy and texture of 
the weakly altered and unmineralized core of the andesite dike in Fig. 47. a. Plane 
polarized light. Plagioclase is moderately sericitized, pyroxene is replaced by murky 
silica, opaques are ilmenite. b. Crossed nicols.
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Fig. 49. Sample SH99C-595. Polished thin section showing mineralogy and texture of 
the strongly altered and weakly mineralized margin of the andesite dike in Fig. 47. a. 
Plane polarized light. Silicates are completely altered to kaolinite, apatite needles are 
broken but not disarticulated. Opaque grains are marcasite. b. Crossed mcols.
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SH 99C-627  <5 ppb Au
Fig. 50. An isocon diagram plotted using log scales for a diamond driil hole intercept 
through a single andesite dike approximately 100 ft. above the DASH orebody. The 
sample at a depth of 627 ft. is the unmineralized centei and the sample at a depth of 
595 ft. is the corresponding mineralized hanging wall margin of the dike. All values 
are in weight percent (w t% ) except density, which is in grams per cubic centimeter 
(g/cc) All values below the detection limit are plotted at the detection limit. The 
isocons based on the hypotheses of constant volume and constant alumina are shown. It 
would follow from an assumption of constant alumina that the mineralized dike margin 








SAMPLE # SH99C-627 SH99C-595
Au ppb <5 300
Hg ppb 100 22300
Ag ppm 0.2 0.3
Be ppm 0.5 0.5
Cd ppm <0.5 <0.5
Sb ppm 0.6 8.6
As ppm 1 560
Mo ppm <1 <1
8i ppm <2 <2
Pb ppm <2 <2
W ppm <10 170
Ga ppm 25 30
Co ppm 27 26
Cu ppm 28 29
Y ppm 39 51
Rb ppm 42 46
Ni ppm 56 41
Zn ppm 102 88
Cr ppm 1 56 112
V ppm 199 206
Zr ppm 246 296
Sr ppm 346 106
Ba ppm 1066 853
MnO % 0.2 0.2
S % 0.1 5 9.22
P205 % 0.7 0.9
K20 % 2.1 2.0
Na20 % 2.3 0.1
Ti02 % 2.5 2.3
Density g/cc 2.80 2.97
CaO % 6.0 6.8
LOI-S % 7.0 5.2
MgO % 6.7 4,4
Fe203 % 11.7 9.2
AI203 % 14.0 16.4
Si02 % 45.9 40.8
Table 9. Example 2, core hole SH99C, DASH Project. Chemical data used in Fig. 50.
Fig.51. Hand specimens for samples SH150C-884 (left) and SH150C-869 (right)
showing the contrast between an unaltered center of an andesite dike and the
corresponding argillized margin. Scale in cm.
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millimeters
3. 52. Sample SHI 50C-884, DASH Project. Polished thin section showing 
ineralogy and texture of the unmineralized core of an andes.te dike. a. Plane polarized 
iht. Large, partially sericitized plagioclase grains with apatite (transparent laths 
id needles), unaltered pyroxene (lower left, top center, right center), biotite 




ig. 53. Sample SH150C-869, DASH Project. Polished thin section showing 
lineralogy and texture of the altered margin of the same andesite dike a. Crossed 
icols. Groundmass is altered to kaolinite (white and pale brown) with abundant 
tarcasite (opaque grains), b. Reflected light of same field of view.
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SH I5 0 C -8 8 4  <5 ppb Au
Fig. 54. An isocon plot using log scales for a diamond drill hole Intercept through a 
single andesite dike approximately 200 ft. above the DASH orebody. The sample at a 
depth of 884 ft. is the unmineralized dike center and the sample at a depth of 869 ft. is 
the corresponding mineralized footwall dike margin. All values are in weight percent 
(w t%). All values below the detection limit are plotted at the detection limit. The 
isocons based on the hypotheses of constant volume and constant alumina are shown. It 
would follow from an assumption of constant alumina that the altered dike margin had 




SAMPLE # SHI50C-884 SHI50C-8
Au ppb <5 <5
Hg ppb 60 10100
Ag ppm <0.2 <0.2
Se ppm <0.2 <0.2
Sb ppm <0.2 <0.2
Cd ppm <0.5 <0.5
Mo ppm 1 1
Be ppm 1.5 1
Bi ppm <2 <2
Pb ppm <2 <2
W ppm <10 100
Cu ppm 28 29
Co ppm 32 32
Y ppm 43 50
Rb ppm 53 57
Ni ppm 64 41
As ppm 76 6800
Zn pprn 108 1 60
Cr ppm 165 76
V ppm 207 222
Zr ppm 283 300
Sr ppm 471 130
Ba ppm 719 1020
S % 0.183 6.24
MnO % 0.2 <0.1
P205 % 0.7 0.8
K20 % 1.9 ‘ 3.0
Na20 % 2.7 0.2
Ti02 % 2.7 3.3
Density g/cc 2.83 2.80
LOI-S % 4.7 6.6
MgO % 5.5 0.7
CaO % 8.0 9.5
Fe203 % 12.3 9.2
AI203 % 14.1 15.2
Si02 % 46.9 45.2
Table 10. Example 3, core hole SHI 50C, DASH Project. Chemical data used in Fig. 54.
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Construction and interpretation of alteration series plots
A second graphical approach has been used to show mass flux for multiple samples as 
a function of increasing alteration and gold grade. For the remaining two examples, the 
concentrations of the chemical components of variably altered and mineralized samples 
are divided by the corresponding concentrations of those components in the least altered 
and unmineralized member of the series. The resulting plot shows mass flux relative to 
a least altered and unmineralized "standard". The strength of this presentation is the 
ability to get a sense of metal zoning in a single plot.
These examples use chips from reverse circulation drill holes. Photographs of these 
chips are not presented but photomicrographs for endmembers of both series are 
compared.
Example #4: Multiple samples through a single andesite dike
The now familiar pattern of plagioclase altering to kaolinite is confirmed once again 
(Fig. 55). Apatite remains unbroken in sample WW260 870-875. What is more 
interesting is the preservation of biotite in sample WW260 880-885.
The mass fluxes are similar to the previous three examples (Fig. 56). The capacity 
of the hydrothermal fluid to introduce and remove chemical components from the 
igneous dike mimics the pattern of vertical metal zonation suggested in the three DASH 
area examples. Among the components enriched during mineralization, As shows the 
greatest mobility followed in order by Au, Hg, W, and S. The very high detection limit 
for Sb (100 ppm) used for these samples distorts this plot in comparison with other 
examples. Depletion of NazO is once again the most sensitive indicator of reaction with 
the hydrothermal fluid among the components removed during alteration, followed by 
MgO, LOI-S, MnO, and BaO.
Example #5: Multiple andesite dike intercepts above an ore zone
Sericitized plagioclase that is partially altered to kaolinite in sample SP1 1 6 670- 
675 from approximately 100 ft. above sediment-hosted ore is virtually 100%  
altered to kaolinite in sample SP116 760-765 adjacent to sediment-hosted ore (Fig. 
57).
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Fiq. 55. Comparison of mineralogy and texture for series end members from Fig. 56, 
Wright Window Project, a. Sample WW260 870-875, crossed nicols. Sericitized 
plagioclase is partially altered to kaolinite, apatite needles are unbroken, b Sample 
















































WW260 870-875 10 ppb Au
X [WW260 875-880]/[WW260 870-875] WW260 875-880 100 ppb Au
+ [WW260 880-885]/[WW260 870-875] WW260 880-885 680 ppb Au
Fig. 56. Example 4, reverse circulation drill hole WW260, Wright Window Project. Plot of major oxide, selected trace 
element, total sulfur, loss on ignition, and density data from a reverse circulation drill hole intercept through a single andesite 
dike approximately TOO ft. above the Wright Window orebody. Each component is plotted relative to sample WW260 870-875, o  
the least altered member of the series at the center of the dike. ^
1 0 0
SAMPLE # WW2 60-870-87 5 WW260-87 5-880 WW260-880
Na20 % 0.42 0.24 0.12
MgO % 6.5 4.5 1.9
AI203 % 1 5.2 1 5.6 19.3
Si02 % 46.2 43.9 44.4
P205 % 1.1 i i1 . 1 0.9
S % 0.36 1.56 7.79
K20 % 6.2 5.3 4.9
CaO % 4.2 7.0 3.5
Ti02 % 1.9 1.8 2.1
MnO % 0.1 <0.1 <0.1
Fe203 % 7.9 6.5 9.7
Cu ppm 48 44 46
Zn ppm 82 58 78
As ppm 1 4 244 >1000
Sr ppm 501 476 408
Y ppm 26 27 28
Zr ppm 1 84 181 1 96
Ag ppm 0.2 0.2 0.2
Sb ppm 6.6 6.8 1 9
BaO % 0.38 0.34 0.21
W ppm 1 0 40 60
Au ppb 10 100 680
Hg ppb 90 490 2550
Pb ppm 2 2 2
LOI-S % 8.6 10.4 3.5
Density g/'cc 2.84 2.86 2.99
Table 1 1 .  Example 4, reverse circulation drill hole WW260, Wright Window Project.






Fig. 57. Comparison of mineralogy and texture for series end members from Fig. 58, 
Spaghetti Project, a. Sample SP116 670-675, crossed nicols. Sericitized plagioclase 
is partially altered to kaolinite, pyroxene remains fresh, b. Sample SP116 760*-765, 
crossed nicols. Plagioclase is strongly replaced by kaolinite, pyroxene is replaced by 
murky silica, increase in opaques results from marcasite deposition.
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Fig. 58. Example 5, reverse circulation drill hole SP116, Spaghetti Project. Plot of major oxide, selected trace element, loss 
on ignition, and density data for four reverse circulation drill hole intercepts in andesite dikes within 100 ft. above the 
Spaghetti orebody. Each component is plotted relative to sample SP1 16 670-675, the least altered member of the series 





SAMPLE # S P 1 1 6 SP1 16 SP116 SP1 1 6
670-675 685-690 720-725 760-765
Na20 % 0.93 0.07 0.04 0.03
MgO % 8.4 6.2 2.1 0.9
AI203 % 13.3 13.8 22.1 20.0
Si02 % 43.6 39.6 45.4 55.1
P205 % 0.4 0.4 0.7 0.5
K20 % 1.8 3.1 2.9 3.6
Cat) % 9.7 10.2 3.8 0.7
Ti02 % 1.1 1.3 1.8 1.5
MnO % 0.1 <0.1 <0.1 <0.1
Fe203 % 8.5 6.8 8.1 8.6
Cu ppm 83 94 117 1 1 6
Zn ppm 72 88 72 1 20
As ppm 100 1 800 800 3400
Y ppm 21 23 33 26
Sr ppm 292 1 59 90 53
Zr ppm 102 1 04 141 116
Ag ppm 0.2 0.2 0.2 1
Sb ppm 100 100 100 100
BaO % 0.12 0.07 ■ 0.09 0.07
W ppm 20 30 90 50
Au ppb 5 617 4594 14297
Hg ppb 1 0000 10000 50000 90000
Pb ppm 1 9 1 8 1 3 13
LOI % 10.7 1 5.8 11.9 8.8
Density g/cc 2.82 2.89 2.89 2.86
Table 12. Example 5, reverse circulation drill hole SP116,  Spaghetti Project.
Chemical data used in Fig. 58.
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Mass fluxes are consistent with previous examples. The relative enrichment in As is 
less than that of Au in this case, giving the impression that Au shows greater mobility 
than As in this series. This result derives from the high As content in sample SP116 
670-675. In absolute terms (Table 12), As still shows the greatest mobility among 
the components added during alteration. Depletion of Na20 is the most striking among 
the five examples. Virtually all Na20 is removed from the andesite dike during the 
initial stages of alteration.
Discussion of chemical changes in andesite dikes related to gold 
deposition
It is no surprise that Au is deposited associated with S, As, Sb, and Hg, the typical 
assemblage in Carlin-type gold deposits as well as some other types of gold deposits. 
What is a little surprising is the W enrichment, sometimes to concentrations >300 
ppm. Similar W enrichments are recognized in gold-bearing portions of andesite dikes 
throughout the Jerritt Canyon District. The possibility that this enrichment in W was 
caused by contamination by W-bearing steel in the sample preparation equipment was 
investigated. Contamination is not indicated. First, the steel in the preparation 
equipment is not a tungsten alloy. Second, the softest (most strongly argillized) 
samples show the highest W values, opposite of the expected result if contamination 
from the preparation equipment was a problem. Further research should be brought to 
bear on the mechanisms of W transport in hydrothermal fluids and how W solubility 
constrains the nature of the gold-depositing hydrothermal fluid at Jerritt Canyon.
Variability in Au, As, Sb, Hg, and W enrichments among the five examples offers 
insight on possible vertical metal zoning away from sediment-hosted ore. Moving 
upward from ore, the fluid quickly loses its capacity to carry Au and Sb (Figs. 46, 50, 
and 54). Continuing upward (or inward towards the center of a dike, in the case of drill 
hole WW260), the fluid loses its capacity to carry Hg and then W. Enrichment in As 
extends beyond the "halos" of the other elements of the group.
The introduction of sulfur is dramatic. The ability of the hydrothermal fluid to 
carry and precipitate large amounts of sulfur must be one of its most fundamental 
properties. It is worth restating that iron and BaO content appear to remain unchanged 
or are slightly reduced by the process of gold deposition, even though marcasite, 
pyrite, and barite can locally comprise >10 vol. %  of the rock. The hydrothermal fluid 
did not introduce additional iron or barium. Instead, iron sulfides and barite formed by
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reaction of introduced sulfur with available iron and barium released by the 
destruction of minerals within the dikes, consistent with the "degree of pyritization" 
model proposed by Hofstra (1991).
Depletion of Na^O and, to a lesser extent, Sr are geochemical halos that can extend 
beyond that same hydrothermal fluid's capacity to transport even As. The "Dogleg Dike" 
at the Spaghetti Project (Figs. 5 and 36) serves as an example. This dike exposed in the 
Pattani haul road cut lies some 200 m vertically above sedimentary rock-hosted gold 
ore. Sample SPAG-1 from this exposure is not enriched in any of the classic pathfinder 
elements. Yet the Na20 content of 1.0 wt% in this rock reflects 50-60% Na20 
reduction from typical Na20 contents of 2.0-2.5 wt% for unaltered andesite dikes at 
Jerritt Canyon. For the gold explorationist at Jerritt Canyon (and perhaps elsewhere 
in northern Nevada), recognition of Na20 depletion in igneous rocks suggests being 
within a few hundred vertical meters of possible mineralization, even in the absence of 
enrichment in the classic suite of pathfinder elements.
MINERALOGIC CHANGES IN IGNEOUS DIKES RELATED TO GOLD DEPOSITION
Chemical reaction of the the hydrothermal fluid responsible for gold deposition with 
both andesite and basalt dikes has resulted in a spectrum of mineralogic changes within 
the dikes. These changes are described by mineral constituent below:
P lag io c lase
Whether plagioclase laths are fresh (as in the basalt dikes) or sericitized (as with 
the andesite dikes), they alter to kaolinite when reacted with the gold-depositing 
hydrothermal fluid (Figs. 42, 49, 53, 55 b., 57 b., 60, and 63). The degree of 
kaolinization of plagioclase is the best indicator of reaction with the hydrothermal fluid 
responsible for gold deposition because of the ease with which the low birefringent 
feathery kaolinite is identified in contrast to moderately birefringent seriute and 
twinned, unaltered plagioclase. In basalt dikes, there does not appear to be an 
intermediate clay mineral formed during the process of argillization, plagioclase alters 
directly to kaolinite. The degree of completeness of the following mineralogic effects 
correlates well to the degree of kaolinization of plagioclase.
Augite
Augite grains within andesite dikes, where previously altered to lizardite and 
leucoxene, undergo replacement by quartz (dubbed "murky silica" in my petrographic
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notes) when reacted with the gold-depositing hydrothermal fluid (Figs. 20 and 62). 
That this nearly opaque material is simple quartz was confirmed by both x-ray 
diffraction (Fig. 64) and by energy dispersive analysis (Fig. 65 a.). The source of the 
murkiness is not definitively known, but is thought to result from abundant extremely 
small fluid inclusions within the quartz which hinder the mineral's ability to transmit 
light. "Murky silica" replacement of augite is a visually striking replacement which is 
then preserved even in the most extreme cases of argillization (Fig. 63). However, in 
hand specimen this replacement texture presents a danger to the unwary. In hand 
specimen, augite grains replaced by murky silica appear as small, light gray, 
translucent grains which have the appearance of primary quartz phenocrysts. In the 
early stages of field work, one of the extremely argillized andesite dikes in the Burns 
Basin pit was thought to be the altered equivalent of quartz monzonite based on the 
interpretation of replaced augite grains as primary quartz phenocrysts. Only in thin 
section do these grains appear murky and the recognition of replacement textures was 
made only by observing the intermediate stages of replacement in weakly reacted 
andesite dikes (Figs. 20 and 62).
Initial investigations into the alteration of basalt dikes indicate that pyroxene within 
basalt dikes does not undergo "murky silica" replacement when reacted with the gold- 
depositing hydrothermal fluid. At least partial replacement of pyroxene by lizardite 
and leucoxene appears to be an essential first step that allows subsequent formation of 
murky silica. This interpretation is consistent with lizardite and leucoxene 
replacement of pyroxene in Pennsylvanian andesite dikes occurring prior to intrusion 
of basalt dikes in the Tertiary, possibly as part of the sericite alteration assemblage. 
The recognition of murky silica replacement only in andesite dikes which have reacted 
with the gold depositing hydrothermal fluid provides a useful petrographic tool to 
discriminate between andesite and basalt igneous types in cases of extreme argillization 
where other mineralogical and textural evidence is difficult to interpret. Along with 
kaolinite replacement of plagioclase, murky silica is a sensitive mineralogical 
indicator of being within the envelope of a potentially gold-depositing hydrothermal 
cell.
I lm en i te
llmenite alters to the cryptocrystalline mixture of SiC>2 andTi02 known as 
leucoxene when reacted with the gold-depositing hydrothermal fluid. It is opaque in 
transmitted light and has creamy white to pale yellowish internal reflections in
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Fig. 59. Sample GR50A-647, Murray Mine. Core sample of strongly altered and 
mineralized andesite dike with hairline quartz-marcasite-realgar veinlets. Scale in
cm
GR50A-647 1.308 oz/st Au.
Murray Mine (Grade orebody). 
Strongly argillized and 





Fig. 61. Sample GR50A-647, core intercept through an andesite dike, Gracie Project. X-ray diffraction pattern for the 
pulverized rock showing peaks for illite, kaolinite, quartz, and marcasite. oo
1 1 0
Fig. 62. Sample 316525, polished thin section from an andesite dike outcrop southeast 
of the Burns Basin open pit. a. Plane polarized light. Pyroxene grain completely 
replaced by pale green lizardite and opaque grains of leucoxene, partially replaced by 
brown "murky silica", b. Reflected light. Murky silica shows white internal reflections 
and leucoxene shows cream colored internal reflections.
I l l
millimeters
Fig. 63. Sample 7200-6, Burns Basin open pit. a. Photomicrograph in plane polarized 
light of strongly argillized andesite dike. b. Map of same image showing murky silica 
replacement of pyroxene (ms) and shattered needles of apatite (ap). Opaque grains are 
principally leucoxene and the groundmass is kaolinite. Approx. 36% volume loss would 
follow from an assumption of constant alumina.
Fig. 64. Sample 7200-6, Burns Basin open pit. X-ray diffraction pattern for the pulverized rock showing peaks for kaolinite 
quartz ("murky silica"), and marcasite.
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reflected light. Energy dispersive spectral analysis of leucoxene in a polished thin 
section of sample 7200-6 from the Burns Basin open pit confirms the silica and 
titania composition of this material (Fig. 65, c.). Powder camera x-ray diffraction 
analysis of leucoxene scratched from the surface of this same polished section give the 
results shown in Table 13. The material analyzed unavoidably contained some kaolinite, 
and d-spacings consistent with kaoiinite (dickite) must be disregarded in the 
interpretation of these data. The SiC>2 phase is quartz and the TiC>2 phase is rutile.
Apatite
Apatite appears to be chemically stable in all but a few of the most strongly 
argillized andesite dikes, where its absence is thought to result from complete 
dissolution in the hydrothermal fluid. Such resistance by apatite to dissolution is 
suggestive of phosphate saturation of the hydrothermal fluid responsible for gold 
deposition. But while apatite needles are largely chemically stable, they are 
mechanically fragile. Figures 65 and 63 show a progression of weakly to strongly 
fractured apatite in three andesite dikes from the DASH Project and the Burns Basin 
open pit. Importantly, these samples aiso represent increasing proximity to sediment- 
hosted ore and increasing volume loss calculated from the assumption of constant 
alumina. Apatite fracturing appears to be "in situ" and not related to movement along 
slip planes caused by faulting within the dike. Instead, this fracturing is interpreted to 
result from differential volume loss of silicate minerals along the length of apatite 
needles, resulting in differential compaction and breakage ("sagging"). This 
petrographic evidence lends credence to the volume losses calculated from the 
assumption of constant alumina.
Olivine sites
Fresh olivine in andesite dikes is not known to have survived to the Tertiary when it 
could have reacted with the gold-depositing hydrothermal fluid. In andesite dikes, 
olivine grains were altered prior to the Tertiary, probably related to the sericite 
alteration assemblage described above. Hence, only the products of that alteration 
process, mainly chlorite and calcite, were available to react with the gold-bearing 
hydrothermal fluid at sites of former olivine phenocrysts. Chlorite rims are altered to 
kaolinite and marcasite. Calcite cores are variably dissolved to form voids or are 
replaced by quartz mosaics, marcasite, and realgar.
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D iffra c tio n Degrees d-spacing M i n e ra
strength 2 theta (an g stro m s) id en tifica '
strong 21.6 4.1 1 dickite
strong 23.9 3.72 dickite
strong 26.9 3.31 quartz
weak 29.9 2.99 dickite
moderate 36.2 2.48 rutile
weak 48.2 1.89 dickite
weak 50.6 1.80 quartz
weak 52.4 1.75 dickite
weak 55.2 1.66 rutile
weak 59.4 1.56 quartz
Table 13. Sample 7200-6. Powder camera x-ray diffraction data for leucoxene from a 
strongly argillized andesite dike, 7200 bench, Burns Basin open pit.
Fig. 65. Energy dispersive spectra for some non-sulfide minerals found in sample 7200-6, a strongly argillized and sulfidized 
andesite dike. a. "Murky silica" replacement of pyroxene, b. Apatite, c. Leucoxene.
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Fig. 66. Comparison of degree of shattering of apatite needles with increasing volume 
loss. a. Sample SHI 50C-869, DASH Project. Minor breakage of apatite related to 
approx. 6 %  volume loss based on the assumption of constant alumina, b. Sample 
SH99C-595, DASH Project. Moderate breakage and disarticulation of apatite pieces are 
related to approx. 20%  volume loss estimated with an assumption of constant alumina.
The quartz that replaces the calcite centers is not the "murky” variety known to 
replace lizardite and ieucoxene in pyroxene sites. Still, it can be mistaken for 
phenocrystic quartz in hand specimens of strongly argillized andesite dikes. The 
presence of sulfides within the quartz and/or the presence of a crudely hexagonal halo 
of translucent kaolinite with sulfides around the quartz grains are evidence suggesting 
those grains being sites of altered olivine.
B io t ite
Biotite can be remarkably robust in the gold-depositing hydrothermal environment 
and is preserved in some cases of strong argillization (Fig. 55 b.). This implies that 
the gold-depositing hydrothermal fluid is at or near conditions for biotite stability. 
Ultimately, it is destroyed by reaction with the hydrothermal fluid. Like ilmenite, 
biotite alters to Ieucoxene.
SULFIDES AND MISCELLANEOUS OPAQUE PHASES RELATED TO GOLD
DEPOSITION
M arcas ite
Marcasite is the dominant iron sulfide phase in mineralized igneous dikes (Figs. 43, 
49, 53, 55 b., 57 b., 60). This is in contrast to sediment-hosted ore in which pyrite 
is the dominant iron sulfide phase (Hofstra, 1994). Habits for marcasite include well 
formed crystals within the groundmass of the igneous rock, as multiple generations of 
veinlets which can exhibit crosscutting relationships, and as replacements of mafic 
phenocrysts. Many of these textures indicate multiple puises of marcasite deposition, 
with some pulses associated with quartz, calcite, and realgar.
Secondary electron imaging of one marcasite grain within the veinlet hosting native 
arsenic at West Generator (Fig. 67) shows a compositionally distinct rim (Fig. 68) 
that energy dispersive spectral analysis showed to be arsenic-rich.
P y r i t e
Pyrite in mineralized andesite dikes at Jerritt Canyon can have weak anisotropy and 
a porous texture (Fig. 43). Murowchick (1992) argues that pytite with these 
properties can have marcasite ancestry. He states that the solid-solid reaction of 
marcasite to pyrite results in the creation of ~3% porosity in the crystal. The porous 
pyrite in Fig. 43 is interpreted to have formed by the inversion of marcasite,
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Fig. 67. Hand specimen of quartz-calcite-realgar-marcasite-native arsenic veinlet 
cutting weakly propylitized basalt dike (Tbi) from the West Generator pit. Scale in cm.
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reinforcing the position that marcasite is the dominant iron sulfide in mineralized 
igneous dikes and that it was deposited in multiple generations.
R e a l g a r
Realgar is most common in mineralized igneous dikes as a component in quartz- 
realgar-marcasite veinlets. Less commonly, realgar is found with marcasite within 
sites of former olivine phenocrysts.
Native arsenic
Native arsenic is known from a quartz-realgar-marcasite veinlet crosscutting a 
basalt dike in the West Generator deposit (Figs. 67) and in a quartz-realgar- 
marcasite vein crosscutting a Pennsylvanian andesite dike in the Burns Basin deposit 
(Fig. 70). The West Generator occurrence is the more impressive. Within this veinlet, 
native arsenic is present as 10-70 micron grains hosted by quartz and realgar (Fig. 
69). Somewhat smaller arsenic grains are present with realgar replacing mafic 
minerals in the igneous host rock up to several millimeters away from the veinlet. The 
grains are white and take a fairly good polish. Bireflectance is not apparent and 
anisotropy is weak. Grains do not tarnish as rapidly as is described for arsenic 
(Uytenbogaardt and Burke, 1971); grains in this section hold a satisfactory polish for 
more than a week, perhaps a function of low atmospheric humidity in northern Nevada. 
Energy dispersive analysis of multiple grains indicates that arsenic is the only metal 
present and that sulfur is absent.
Antim oni3l sphalerite and an unidentified Sb-Zn-TI-As sulfide
T. Roberts of the Independence Mining Company geologic staff collected a sample of a 
quartz-realgar-marcasite-native arsenic veinlet that crosscuts a strongly argillized 
andesite dike in the Burns Basin open pit (Fig. 70). Examination of a standard polished 
section of this veinlet showed that it is also host to small botryoida! clusters of 
antimonial sphalerite and complex botryoidal intergrowths of antimonial sphalerite 
and an unidentified Sb-Zn-TI-As sulfide. The unusual habit and qualitative chemistry 
of these minerals were first recognized w'ith the help of Martin Jensen using the EDS- 
SEM system at Mackay School of Mines. These minerals are present as ~10 micron 
spheres and aggregates of spheres (botryoidal texture) which have grown in open 
spaces (Fig. 71). Realgar (Fig. 72) or quartz (Fig. 73) can serve as a substrate for
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Fig. 69. Sample 88-WG-17, West Generator open pit. a. Scanning electron image of 
native arsenic, arsenical marcasite, and realgar hosted by a quartz-calcite veinlet 
cutting a basalt dike (Fig. 67). b. Map of a. showing mineral distribution.
1 2 2
Fig. 70. Hand specimen of quartz-realgar vein (shades of dark red, upper portion) 
cross cutting strongly argillized andesite dike (white, lower corner). This is the vein 
which hosts the intergrowths of antimonial sphalerite and the unidentified Sb-Zn-TI- 
As sulfide. Burns Basin pit, 7200 bench. Scale in centimeters.
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Fig. 71. Sample 7200-12, Burns Basin open pit. Scanning electron image of botryoidal 
intergrowths of antimonial sphalerite and an unidentified Zn-Sb sulfide coating a vug 
within a quartz-realgar-marcasite-native arsenic vein hosted by an argillized 
andesite dike. Crystal at middle right is realgar.
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Fig. 72. Comparison of secondary electron (a.) and backscattereded electron (b.) 
images for antimonial sphalerite (centers of spherical growths) and unidentified Sb- 
Zn-TI-As sulfide (rims on spherical growths) on a substrate of realgar. Upper right 
portion of images is epoxy-filled open space. Irregular white patch at left center of b. 
is a flaw in the photographic film. Scale bar in both images is 10 microns.
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Fig. 73. a. Polished section in reflected light through botryoidal intergrowths of 
antimonial sphalerite (pale purple) and the unidentified Zn-Sb sulfide (light gray 
with very pale greenish tint). Quartz (border of photo) forms the substrate for the 
growth of the sulfides into an open space (center of photo), which has been filled with 
mounting epoxy, b. Backscatter electron image of same field of view (rotated slightly 
counterclockwise) showing delicate concentric compositional zoning of both sulfides.
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the growth of these spheres.
Sphalerite with botryoidal habit is present in this veinlet that is not intergrown 
with the unidentified Sb-Zn-TI-As sulfide. This sphalerite can be either pale purple in 
reflected light with intense red internal reflections or it can be translucent yellow 
with intense yellow internal reflections (Fig. 74). The reasons for the variability in 
the colors are not known with certainty, but may be related to variable antimony, 
thallium, and/or arsenic content.
In reflected light, the unknown Sb-Zn-TI-As sulfide is light gray with a very pale 
greenish tint, is apparently isotropic, and lacks internal reflections. Backscattered 
electron images (Figs. 73 and 75) indicate that both antimonial sphalerite and the 
unknown Sb-Zn-TI-As sulfide in the botryoidal intergrowths are compositionally 
zoned. Energy dispersive spectral analysis confirms that the antimonial sphalerite is 
relatively zinc-rich and that the unidentified Sb-Zn-TI-As sulfide is relatively 
antimony-rich (Fig. 76). Quantitative wavelength dispersive microprobe chemical 
analyses of both minerals were completed at the University of Tennessee by Dr. 
Lawrence Taylor and Alan Patchen (Fig. 77, Table 1 5). Their work was the first to 
show the presence of thaliium (up to 17 wt % ) and arsenic (typically 1-2 wt % ) in 
these minerals. Powder camera x-ray diffraction studies undertaken to date with the 
help of Drs. L. T. Larson and F. W. Dickson of the Mackay faculty and John McCormack 
have confirmed the presence of sphalerite in these intergrowths. However, additional 
diffraction lines inconsistent with sphalerite or any other known sulfide are present in 
the films (Table 14). It is possible that the unidentified Sb-Zn-TI-As sulfide is a 
previously undescribed mineral. Additional research is required to confirm or refute 
this possibility.
Cinnabar and te trahed rite (Z )
Elsewhere in the same veinlet from Burns Basin, antimonial sphalerite hosts small 
inclusions of cinnabar (Figs. 78 and 79 b.). Rare grains of a Cu-Sb sulfide 
(tetrahedrite?) are also known from scanning electron microscope examination of this 
veinlet (Fig. 79 c.).
Gold
For this study, dozens of polished sections of gold-bearing andesite dikes were 


















Fig. 74. Sample 7200-12, Burns Basin open pit. a. Antimonial sphalerite with 
botryoidal habit showing both yellow and red internal reflections, b. Map of same 
image.
Fig. 75. Sample 7200-12. a. Backscattered electron image of antimonial sphalerite
(grays) rimmed by unidentified Zn-Sb-TI-As sulfide (white), b. Map showing location
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Fig. 76. Energy dispersive spectra for the core (a.), intermediate zone (b.), and rim (c.) of the grain shown in Fig. 75.
129
130
D iffra c t io n d-spacing M in e ra l


















Table 14. Powder camera x-ray diffraction results for (a.) pale purple antimonial 
sphalerite with intense red internal reflections, (b.) pale yellow antimonial sphalerite 
with intense yellow internal reflections, and (c.) intergrowths of pale purple 
antimonial sphalerite with intense red internal reflections and an unknown light gray 
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Fig. 77. Relative cation abundances (mole %, normalized to 1 00%) for antimonial 
sphalerite and the unidentified Sb-Zn-TI-As sulfide. Data for 1 7 quantitative 
wavelength dispersive microprobe chemical analyses courtesy of Dr. Lawrence Taylor, 
University of Tennessee.
Sample # Color in 
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Sulf Z5-09 Pale purple Intense red 51.9 36.9 9.0 0.7 1.1 0.3 (Zn, Sb, Tl, As)S
Sulf 25-10 Pale purple Intense red 52.3 26.9 1 5.5 1.2 1.4 2.6 (Zn, Sb, Tl, As)S
Sulf 25-11 Light gray None 54.8 16.6 24.2 1.1 2.5 0.8 Znn(Sb, A s )iiT lS28
Sulf 25-12 Pale purple Intense red 53.2 30 14.2 0.7 1.2 2.4 (Zn, Sb, Tl, As)S
Sulf 25-14 Pale purple Intense red 52.6 27.2 1 5.3 1.2 1.3 0.1 (Zn, Sb, Tl, As)S
Sulf 25-15 Pale purple Intense red 52.7 36.2 9.2 0.9 1.0 0.4 (Zn, Sb, Tl, As)S
Sulf 25-18 Pale purple Intense red 52.1 37.1 8.8 0.7 1.0 1.0 (Zn, Sb, Tl, As)S
Sulf 25-19 Light gray None 55.4 19.6 21.1 0.8 1.9 0.0 Znii(Sb, As ) 11TIS28
Sulf 25-20 Light gray None 53.3 19.0 21.3 0.8 5.6 0.0 Zng(Sb, As)iiT l3S27
Sulf 25-21 Light gray None 53.9 18.7 21.1 0.8 5.5 0.0 Zng(Sb, A s )n T l3S27
Sulf 25-22 Light gray None 53.4 19.1 21.4 0.6 5.5 0.0 Zn9(Sb, A s )n T l3S27
Sulf 25-23 Light gray None 54.3 18.3 20.9 0.9 5.6 0.2 Zng(Sb, A s )n T l3S27
Sulf 25-30 Light gray None 53.4 16.4 23.0 0.9 6.1 0.1 Zng(Sb, As) 11TI3S27
Sulfa-3 Light gray None 54.1 16.2 22.7 0.9 5.9 0.1 Zng(Sb, As)nTl3S27
Sulfa-6 Pale purple Intense red 52.4 36.5 9.5 0.7 0.9 0.6 (Zn, Sb, Tl, As)S
Sulfa-7 Light gray None 53.6 22.3 20.6 1.1 1.8 0.0 Znn(Sb, A s )nT IS28
Spha-11 Pale purple Intense red 51.2 39.5 8.4 0.1 0.7 0.0 (Zn, Sb, Tl, As)S
Table 15. Wavelength dispersive electron microprobe quantitative analyses of antimonial sphalerite and unknown Zn-Sb-TI-As 
sulfide(s) used in Fig. 77. Analyses courtesy of Dr. Lawrence Taylor, University of Tennessee.
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0005 20KV X 2 , 0 0 0  10Fh WD20
Fiq. 78. Sample 7200-12, quartz-realgar-marcasite vein in andesite dike, Burns 
Basin open pit. a. Secondary electron image of Zn-Sb-S phase (antimonial sphalerite 
or unknown phase) hosting 1 -10 micron grains of cinnabar, b. Backscattered electron 
image of same field of view showing distribution and habit of cinnabar grains. Scale bar 
for both images is 10 microns.
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Fig. 79. Energy dispersive spectra for sulfides found in trace amounts in mineralized andesite dikes, a. and b. Antimonial 
sphalerite and cinnabar, respectively, from the vein shown in Fig. 70. c. Cu-Sb sulfide (tetrahedrite?) from the argillized and 
sulfidized andesite dike which hosts the vein.
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was observed in any of the sections by either technique. No direct data on the residence 
of gold in mineralized dikes was collected in this study. There is, however, anecdotal 
evidence to suggest that gold in mineralized dikes resides within sulfides, presumably 
marcasite. When igneous dike ore is sent to the wet mill for processing, simple 
cyanidization of the igneous material will not extract the gold. Instead, the sulfides 
must first be oxidized in the chlorination process before gold can be extracted with 
cyanide (Ward, pers. comm., 1995).
FLUID INCLUSION PETROGRAPHY AND MICROTHERMOMETRY 
Previous work
The definitive fluid inclusion studies to date at Jerritt Canyon have been the work of 
Hofstra et al. (1987) and Hofstra (1994). In these studies, fluid inclusions hosted by 
quartz veins, jasperoids, and barite were analyzed using standard petrography, 
microthermometry, mass spectrometry, laser Raman spectroscopy, gas 
chromatography, and crushing studies. Based on these observations, Hofstra (1994) 
proposes that the mixing of two chemically distinct fluids were present during gold 
deposition. One fluid was a 3-10 equivalent weight percent NaCI brine with 
approximately 5 mole percent gas (4 mole percent C02 + up to 1 mole percent CH4 and 
N2 ) which is interpreted to have been the transport medium for gold (as a bisulfide 
complex). Minimum trapping conditions for inclusions containing the gas-rich brine 
are 200o-300° C and 0.5-1.0 kbars. A second fluid contained <0.1 equivalent weight 
percent NaCI and <0.5 mole percent gas. Hofstra (1994) has proposed mixing of these 
two fluids, cooling of the brine, and sulfidation of host rock iron as mechanisms for 
gold precipitation.
Fluid inclusions associated with igneous dikes
This study presents the results of an initial orientation survey of fluid inclusions 
hosted by altered and/or mineralized igneous dikes. Primary fluid inclusions suitable 
for microthermometry were sought in both the apatite-barian K-feldspar alteration 
assemblage and within quartz-calcite-marcasite-realgar veinlets hosted by gold- 
bearing andesite and basalt dikes. In the first case, two doubly polished thick sections 
(100-micron) of apatite-rich portions of a mineralized igneous dike (sample 7200- 
6, Burns Basin orebody) were prepared by Dave Davis of the Nevada Bureau of Mines 
and Geology. Both were examined under the 100x oil objective. Fluid inclusions within
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apatite were found to be virtually absent. Only two apatite crystals were found with 
what appeared to be small tubular inclusions along the C crystallographic axis, but 
both lacked visible vapor bubbles and their status as primary fluid inclusions is 
equivocal. Microthermometry of inclusions in apatite was not attempted based on this 
lack of usable inclusions.
In the case of quartz-calcite-marcasite-realgar veinlets, the intent was to 
characterize similar veining events related to goid mineralization at multiple locations 
within the district using inclusions from realgar and/or quartz within the veinlets. 
Doubly polished thick sections (100-micron) for quartz-calcite-realgar veinlets in 
three mineralized igneous dike samples were prepared. The samples are from a weakly 
mineralized basalt dike (Fig. 67) from the West Generator orebody (northern end of 
district), a strongly mineralized andesite dike (Fig. 59) from the Gracie orebody 
(central portion), and from a high grade quartz-realgar-marcasite vein hosted by an 
intensely argillized andesite dike (Fig. 70) from the Burns Basin orebody (southern 
end of district). Inclusions, up to several 10’s of microns in length length, which 
demonstrate extreme “necking down” , are sparse to common in realgar. These 
inclusions are not suitable for microthermometry for two reasons. First, vapor 
bubbles were not visible in the inclusions because of the difficult optics of realgar. 
Second, even if vapor bubbles were visible, the secondary nature of the inclusions in 
realgar would weigh against proceeding to microthermometry.
Very small (<1 micron) inclusions are common throughout the vein quartz in all 
three samples, but only the veinlet from the Gracie orebody (GR50A-647) provided 
potentially usable inclusions in the 3-5 micron size range. Detailed inclusion 
petrography of this section was undertaken.
Four locations (labeled A-D) along the quartz-calcite-realgar veinlet of GR50A- 
647 were mapped for microthermometry: location A is a primary growth zone with 
constant liquid:vapor ratios; iocation B exhibits a few isolated primary inclusions, 
including the single largest inclusion found in quartz in this sample (Fig. 80 b.); 
location C was initially interpreted to be an isolated primary inclusion in realgar but 
was later determined to be a surface scratch; location D is a random three dimensional 
array interpreted to be primary in origin (Fig. 81). Petrography was completed in 
multiple sessions over several days. The four locations were cut into chips of a few 
millimeters on an edge and the cyanoacrylate glue was dissolved in acetone prior to 
placement on the stage. The thermocouple calibration was checked using a standard 
synthetic fluid inclusion. Chips A, B, and D were then heated and frozen on the fluid
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Fig. 81 b. Three dimensional array of fluid inclusions within quartz-realgar-
marcasite veinlet from sample GR50A-647. Intermediate focal plane.
Fig. 81 c. Three dimensional array of fluid inclusions within quartz-realgar-
marcasite veinlet from sample GR50A-647. Lower focal plane.
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inclusion stage. Results for chips A and D were inconclusive in that the inclusions were 
too small to confidently recognize phase changes. In chip A, fluid inclusion #2 had a 
moving bubble at 241.8 C and this is taken to be a minimum temperature of 
homogenization. In chip D, inclusion #2 may have homogenized between 125° C and 
1 45 C, but I have no confidence in this result because of my inability to clearly see 
the homogenization.
The best results were achieved from the largest inclusion in chip 8 (Fig. 80, b.). 
Repeated freezing of the inclusion yielded the following observations:
1. The very small vapor bubble would disappear ( “snap” ) at ± -52° C to -58° C at 
the instant of freezing due to the increased volume of ice. This fortunate circumstance 
provided the opportunity to readily recognize the moment of first melting when the 
first vapor bubble appeared.
2. The frozen inclusion had a whitish solid phase which was barely discernible from 
the ice. The temperature at which this phase melted was not observed, unless it is 
coincident with the snap-like reappearance of the vapor bubble at ± -21.3C C to 
-27.6° C.
3. At -18.2° C, the vapor bubble “snapped” from a small irregular shape to its 
full, rounded shape. The bubble moved freely at temperatures warmer than -1 8.2° C.
Upon heating, the vapor bubble homogenized between 191.8° C and 195.8° C and on 
cooling it “ snapped” back into appearance at ± 148° C. A second heating pinned the 
homogenization temperature to 192.4° C.
The freezing point depression indicates an equivalent weight percent NaCI of -21%. 
This is approximately double the equivalent weight percent NaCI for the gas-rich brine 
measured by Hofstra. A fluid with such a high salinity should form hydrohaiite on 
freezing. The whitish solid phase observed in the frozen inclusion is interpreted to be 
hydrohaiite.
The lowest temperature at which a vapor bubble was visible (-27.6° C) is taken to 
be the maximum possible eutectic temperature, or the temperature of first melting. 
This temperature is below the metastable eutectic due solely to the presence of 
hydrohaiite. A second soiute other than NaCI is required. It is likely that dissolved gases 
are present and are possibly in greater concentrations than measured by Hofstra 
(1994). This possibility would also explain the increased freezing point depression 
without the necessity of increased salinity.
The homogenization temperature when corrected to a minimum pressure of 0.5 kbar
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yields a minimum trapping temperature of approximately 220° C, a value consistent 
with Hofstra's range of trapping temperatures for the gas-rich brine.
Tens of hours of thick section preparation and petrography yielded only one fluid 
inclusion suitable for microthermometry. The data and interpretations presented above 
are valid only for this single inclusion and more work needs to be completed before 
generalizations can be made. Still, results are generally consistent with previous 
work. From a practical standpoint, the need for larger fluid inclusions for proper 
thermometry has been made painfully clear.
NATURE OF THE HYDROTHERMAL FLUID RESPONSIBLE FOR GOLD DEPOSITION 
Previous work
Evidence for multiple periods of hydrothermal activity in the Jerritt Canyon 
District was first presented by Northrop et al. (1987), Hofstra et al. (1987), and 
Hofstra and Rowe (1987). By concentrating their studies on the petrography of 
jasperoids and thermometric and compositional studies of the fluid inclusions which 
they host, these workers came to recognize two periods of hydrothermal activity. The 
first period, labelled Event I, is a widespread event attributed to regional diagenesis/ 
metamorphism which Hofstra and Rowe (1987) state might be related to the Antler 
Orogeny. Silica deposition associated with this event is volumetrically large and 
widespread and is represented by recrystallized chert, jasperoid, and milky quartz 
veinlets; graphite, pyrite, and apatite are diagnostic accessory minerals (Hofstra and 
Rowe, 1987). Gas compositions and pressure-temperature conditions of Event I fluids 
are typical of natural gas generated during metagenesis of carbonaceous sediments 
(Hofstra et al., 1 987).
Event IIA is the main period of hydrothermal gold deposition, which has been shown 
by Hofstra (1994) to have occurred later than 40.8 Ma (late Eocene). Jasperoid 
developed with Event IIA is volumetrically small and restricted to areas near faults. It 
cements breccia, replaces host rock, and locally contains ore grade gold; hematite 
pseudomorphs after pyrite and gold are diagnostic accessory minerals (Hofstra and 
Rowe, 1987). Northrop et al. (1987) and Hofstra et al. (1987) postulate two fluids 
involved in the process of depositing gold. Northrop et al. (1987) states that gold 
mineralization occurred at depths of 1-3 km as Au-bearing, isotopically evolved, 
slightly acid, CI-CO2- H2S-rich brines mixed with unexchanged, dilute meteoric water 
(Event IIA). As the mixture went from brine to meteoric-dominated water, quartz 
along with ppb concentrations of gold plus As, Sb, and Hg were deposited in a
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widespread halo around the orebodies (Event IIB). Colorless, drusy, Event MB quartz is 
volumetrically small but widespread, occupying fractures and breccias developed 
during this event; diagnostic secondary minerals are stibnite, barite, ± realgar 
(Hofstra and Rowe, 1 987). Hofstra et al. (1987) present the view that although gold- 
bisulfide complexes may have been dominant during main stage gold deposition, the pH 
(~4) indicated by dolomite dissolution, high Pc02> temperature, and salinity suggest 
that gold may have also been carried as a chloride complex.
Characteristics of the gold stage hydrothermal fluid based on this study
Temperature and pH: Marcasite precipitates from solutions whose pH is less 
than 5 at temperatures <240°C (Murowchick, 1992). The likelihood that gold is 
contained in sulfides, including marcasite, similarly constrains the hydrothermal fluid 
to these maxima during at least a portion of the time that gold was being deposited. 
Sergeyeva and Khodakovskiy (1969) state that deposition of native arsenic from 
hydrothermal solutions is possible only at temperatures below 200°C and in the 
presence of strong reducing agents. Perhaps 200°C is a maximum permissible 
temperature for the hydrothermal fluid which deposited quartz-realgar-arsenic 
veinlets in mineralized igneous dikes at Jerritt Canyon.
The degree of argillization associated with gold deposition is consistent with pH of 
less than 5. No constraint is known for how low pH may have been. It is possible that 
pH was significantly less than 5 in the ore forming environment, especially in light of 
the fact that alumina and/or titania demonstrate at least some mobility during gold 
deposition.
P re ssu re : The homogenization temperature of 192°C for the one fluid inclusion 
which was tested microthermometrically fits well with the temperature constraint 
placed on the system by marcasite. Just as important, a temperature of homogenization 
of 192°C and a maximum trapping temperature of 240°C (as constrained by 
marcasite) permit a maximum trapping pressure of about Ikbar (Roedder, 1984), 
assuming that there is no pressure dependence on the temperature stability of 
marcasite. This pressure is consistent with depth estimates of Northrop et al. (1987).
Petrography of the basalt dikes and the knowledge that gold deposition is Tertiary in 
age provide the evidence to place a constraint on the maximum allowable pressure in 
the ore-forming environment. Basalt dikes crystallized at pressures that permitted 
creation of vesicles by exsolved gases. If gold deposition is closely linked in time to this
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magmatic event, then pressure conditions were possibly similar. Gold was likely 
deposited at pressures that allow a basalt magma to vesiculate. Wilson and Head 
(1 981) state that basaltic magma will exsolve its water content at depths of less than 
2 km and will exsolve its C02 content at depths of less than 3 km. The gold orebodies at 
Jerritt Canyon likely formed at depths of less than 3 km (or pressures less than 
approximately 600 bars).
Phosphate saturation: Apatite appears to be chemically stable in all but the most 
strongly argillized dikes. This suggests that the gold-depositing hydrothermal fluid 
may have been undersaturated with respect to apatite, but it rapidly became saturated 
upon reaction with the dike.
Dissolved salts and gases: The freezing point depression for the one fluid 
inclusion which was tested microthermometrically indicates an equivalent weight 
percent NaCi of -21%. Much of this depression is thought to result from dissolved 
gases since the maximum permissible eutectic temperature of -27.6°C for that same 
fluid inclusion is lower than that possible for dissolved NaCI alone. These effects are 
much more pronounced than Hofstra (1994) found for the Event IIA gas rich brine in 
jasperoid-hosted fluid inclusions. However, the fluid tested by Hofstra may have 
undergone significant mixing with dilute meteoric water. It is possible that the fluid 
trapped in quartz-realgar-marcasite veinlets hosted by igneous dikes that occupy the 
vertical conduits for the introduction of the hydrothermal fluid has undergone less 
mixing than the brine examined by Hofstra in the jasperoids. The hydrothermal fluid as 
it entered the ore forming environment may have had a much greater dissolved load of 
both salts and gases than suggested by Hofstra (1994). However, even the measured 
fluid, trapped in a quartz crystal (Fig. 80b.) presumably in equilibrium with calcite 
in the veinlet, may not have been acid enough to convert the aluminosilicates in the 
dikes to kaolinite or to mobilize Ti or Al. The fluid in this inclusion, although possibly 
"less mixed" than fluid in inclusions in jasperoids, is probably not the most pristine 
or primary ore-forming fluid.
Base metal transport: The hydrothermal fluid was able to transport and deposit 
at least small quantities of base metals, principally zinc. This argues for the presence 
of chloride or bisulfide ions in the fluid to form complexes and permit increased base 
metal solubility. Such complexes may have also been the means by which gold was made
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soluble in the hydrothermal fluid.
Sulfur fugacity : The ability of the hydrothermal fluid to precipitate minerals 
requiring conditions of low sulfur fugacity (e.g., native arsenic) and large volumes of 
iron sulfides (marcasite in dikes, pyrite in sediment-hosted ore) is curious. This 
probably means that the sulfur fugacity of the hydrothermal fluid was highly variable 
both in time and in distance away from the ore forming environment.
D iscuss ion
The question arises as to whether the fluid was low pH when introduced into the ore 
zone or whether it was introduced as a more neutral fluid which then became acidic in 
the local environment of the ore deposits. Stated another way, by what mechanism(s) 
can a fluid with a large amount of gold in solution deposit its load of gold, form 
significant quantities of both sulfides and sulfates, and kaolinize plagioclase? Seward 
(1 973) determined the solubility of gold in aqueous sulfide solutions from pH20°C -  4 
topH20°C - 9-5 in the presence of a pyrite-pyrrhotite redox buffer at temperatures 
from 160 to 300°C and 1000 bar pressure. He concluded that three thio complexes 
contributed to gold solubility. The complex Au2(H S )2S^ '  predominated in alkaline 
solution, the Au(HS)2" complex occurred in the neutral pH region, and in the acid pH 
region, it was concluded with less certainty that the Au(HS)° complex was present. He 
further states that any model for the transport and deposition of gold from 
hydrothermal ore solutions that ignores the role of thio-gold complexing must be 
considered untenable. Gold solubility maxima within the stated temperature range for 
an aqueous sulfide solution correspond to a narrow range of neutral pH conditions. 
Therefore, any process which results in a shift in the pH conditions to either acid or 
more alkaline conditions would be an effective mechanism for gold precipitation.
Seward considered two possibilities for a shift to acid conditions for an aqueous sulfide 
solution. Progressive acid dissociation (e.g. H2SO4) with decreasing temperature would 
tend toward conditions of lower pH, but Seward recognized that this process would be 
buffered by wall rock alteration reactions which would limit the pH reduction. A second 
possibility is the increasing oxidation of the hydrothermal system which could result 
from the mixing of ascending hydrothermal solutions with oxygenated meteoric waters 
(e.g., conversion of H2Sto  H2304). This would resuit in gold deposition by lowering the 
pH and decreasing the activity of reduced sulfur. Further decrease in reduced sulfur 
activity (and resulting decrease in gold solubility) may be accomplished by
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precipitation of sulfides and by wall rock alteration reactions forming pyrite or 
marcasite. i his second possibility fits well with the fluid mixing and degree of 
pyritization models presented by Hofstra for the Jerritt Canyon District.
A consideration of the nature of the hydrothermal fluid must address the possibility 
of a magmatic contribution to the fluid or its metallic component. The Igneous dikes of 
the Burns Basin deposit, and perhaps elsewhere in the Jerritt Canyon District, occupy 
structural conduits that have allowed introduction of the hydrothermal fluid from 
depth. Therefore, the igneous dikes have a chance of recording chemical reactions with 
the pristine hydrothermal fluid before it was buffered by calcite in the sedimentary 
rocks that host most of the ore. Local enrichments in the base metals Zn, Cu, and Pb are 
characteristic of igneous-related hydrothermal systems, but they alternatively may be 
the result of deposition from a primary metamorphic (rather than magmatic) fluid 
that was rich in C l" . Most Carlin-type ore deposits show no important Zn enrichment 
in association with gold, although the Meikle Mine is an important exception (Lauha and 
Betties, 1993). However, sample 7Z00-12 from the Burns Basin open pit offers 
conclusive proof that important quantities of Zn can be carried by the gold-depositing 
hydrothermal fluid at Jerritt Canyon. At the Burns Basin deposit and the Meikle Mine, 
abundance of Zn may point to the conduits aiong which primary ore-forming fluids rose 
from depth.
It is worth noting that the constraints on the timing of gold deposition permit 
mineralization to overlap with or immediately postdate igneous activity. Yet there is no 
compelling field or laboratory evidence in this research that demands recognition of a 
magmatic contribution to the hydrothermal fluid. If such evidence exists, it will likely 
be found in hydrogen and oxygen isotope analyses. Such analyses were not undertaken in 
this study but are proposed for future research. Specifically, the isotopic composition 
of hydrogen in kaolinite in argillized and mineralized dikes and oxygen in the quartz in 
quartz-realgar-marcasite ± native arsenic veinlets hosted by dikes should be 
determined. If there is a magmatic contribution to the hydrothermal fluid responsible 
for the deposition of gold, perhaps it can be recognized by a shift in isotope 
compositions toward the "magmatic box" when compared to the oxygen isotope 
compositions of the jasperoids.
SUMMARY OF CRITERIA APPLICABLE TO GOLD EXPLORATION
The principal exploration applications to derive from this study have as their basis 
the recognition that igneous dikes occupy steeply dipping faults which have served as
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conduits for gold-bearing hydrothermal fluid. Vertical leakage of that fluid along the 
margins of dikes can be recognized for at least several hundred feet above the ore 
forming environment based on the following criteria:
1. Enrichment in Au, Sb, As, Hg, and W is the most unequivocal indicator of presence 
within a Carlin-style hydrothermal system. But enrichment in Zn is equivocal. Most 
examples considered show no important Zn enrichment in association with gold. 
However, sample 7200-1 2 from the Burns Basin open pit offers conclusive proof that 
important quantities of Zn can be carried by the gold-depositing hydrothermal fluid. 
The following guidelines for the sampling of igneous dikes in outcrop are recommended 
to maximize the chances of recognizing metal enrichment. First, the extreme margins 
(the outer few cm) of an outcropping dike and the immediately adjacent host rock 
should be sampled separately. Secondly, iron oxide coated fractures within an igneous 
dike, even hairline fractures, should be selectively sampled. Experience at Jerritt 
Canyon has shown that such tiny fractures can yield As assays of several hundred ppm 
within 10 cm of unfractured igneous material that yields no metal anomalies.
2. Visual recognition of argillization and/or sulfidation can provide immediate 
encouragement to the field geologist at Jerritt Canyon. A bleached and/or iron oxide 
stained appearance in dikes is highly significant. Scratching of phenocrysts and 
groundmass with a tungsten carbide point will provide a "chalky" or, better yet, 
"soapy" resistance in cases of argillization. Iron sulfide content greater than 1-2% is 
likewise suggestive of being "within system".
3. Na20 depletion in dikes, and especially the margin(s) of dikes, can be recognized 
at least 600 ft. above high grade ore. The Na20 depletion halo can extend vertically 
beyond the traditional metal enrichment halos. Systematic sampling of centers and 
margins of outcropping dikes is required. For example, a sample from a dike margin 
that has 50% of the NazO known from the center of that same dike would be very 
significant. In absolute terms, andesite dikes with less than 1wt% Na20 should be the 
focus of additional exploration.
4. The inference that the gold-depositing hydrothermal fluid was saturated with 
respect to apatite also suggests that the dissolved phosphate load should precipitate 
outward from ore. Recognition of structurally controlled phosphate mineralization 
(variscite, turquoise, apatite, etc.) could lead to the development of otherwise "blind" 
targets.
5. Mineralized dikes may also be detected using geophysical methods. First, 
mineralized dikes contain several percent iron sulfides that might be detected using
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electrical methods. Second, sulfidation by the gold system destroys the primary 
magnetite in the dikes. If throughgoing dikes were identified by mapping in a prospect 
area, a concealed deposit might be detected by a negative magnetic anomaly along strike 
of the dike.
6. The recognition of igneous dikes at surface is important even in the absence of the 
previous criteria. Dike orientations, because they often occupy faults, may reflect the 
local structural framework and, by extrapolation, the more important trends of 
mineralization at depth. A fault which has accepted the flow of a magmatic fluid is a 
likely candidate to later permit the flow of a hydrothermal fluid. Dikes abutting 
favorable host rocks may help "pond" gold-bearing hydrothermal fluid and facilitate 
the development of higher grade ore.
CONCLUSIONS
Preservation of large quantities of marcasite in mineralized dikes probably 
requires that post-depositional temperatures stayed below 160°C (Hannington and 
Scott, 1 985). The hydrothermal system responsible for marcasite deposition, which is 
also assumed to be responsible for gold deposition, is likely the latest significant 
thermai event in the Jerritt Canyon District.
The formation of kaolinite after plagioclase, even in small quantities, in both 
andesite and basalt dikes is an extremely sensitive indicator of that dike having reacted 
with the hydrothermal fluid which was capable of gold deposition. NazO and Sr 
depletions are the most sensitive chemical expressions of this reaction. Recognition of 
either or both of these effects may prove to be a useful gold exploration tool in frontier 
areas within the district and perhaps outside the district. Discovery of strongly 
kaolinized igneous dikes in outcrop or drill intercept in the Jerritt Canyon District are 
high priority targets for gold exploration. Eocene volcanic rocks found along the 
eastern margin of the Jerritt Canyon District should be investigated for the presence of 
kaolinite in proximity to the faulted contact with Paleozoic sedimentary rocks. Even 
small amounts of kaolinite in the volcanic rocks suggest the potential for gold 
mineralization in the adjacent sedimentary rocks or at depth within the volcanic pile.
Data generated in this study are consistent with the fluid mixing and degree of 
pyritization models proposed by Hofstra et al. (1991) and Hofstra (1994). Most 
striking is the recognition that iron is not introduced by the hydrothermal fluid and 
that the iron for the large volume of marcasite within the dikes derives from 
destruction of iron-bearing silicates within the dikes.
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Ext.emely limited data from fluid inclusions in quartz-realgar-marcasite veinlets 
crosscutting igneous dikes suggest that the gold-bearing hydrothermal fluid could be 
significantly more saline and/or gas-rich (up to 21 eq. wt. %  NaCI) than that indicated 
by previous studies which have focussed on jasperoids. Thio-gold complexes are likely 
the most important agents for gold transport, but the amount of chloride in solution 
also permits the consideration of gold chloride complexes for these purposes. The 
possibility of chloride complexing in the hydrothermal fluid is supported by the 
deposition of locally important quantities of sphalerite and other base metal sulfides 
late in the mineral paragenesis.
West-northwest-striking faults are an important portion of the structural 
"plumbing system" by which gold-bearing hydrothermal fluids were introduced to the 
orebodies now being mined. Development of these faults results from a pre- 
Pennsylvanian tectonic event, perhaps the Antler orogeny. The majority of movement 
along both the Roberts Mountains Thrust and the Saval Discontinuity, at least where 
investigated in this study, occurred prior to intrusion of the andesite dikes at 320 Ma.
Observations are consistent with, but do not prove, that a contributing mechanism 
for gold precipitation from the transporting hydrothermal fluid was the lowering of 
fluid pH from near neutral to strongly acid conditions by the production of resulting 
from the reaction of H2S with available iron to form iron sulfides (marcasite within 
dikes and pyrite within sediment hosted ore) and with oxygen supplied by a second fluid 
to form sulfates (principally barite).
The deposition of native arsenic (requiring conditions of low sulfur fugacity) 
appears to have been part of the same mineralization event that deposited significant 
quantities of marcasite (requiring conditions of higher sulfur fugacity). The 
mineralizing process was of sufficient duration to permit this chemical evolution of the 
fluid. r2) cj  <
No conclusive evidence for a genetic link between magmatic activity and the <?\ <-.■ ■
deposition of gold in the Jerritt Canyon District is presented in this research. ' ' 7
However, gold deposition is closely related both in time and space to aMate’Oligocene 
pulse of igneous activity which has both mafic and intermediate components. Textures 
within the late Oligocene quartz monzonite are suggestive of late magmatic hydrous 
conditions and it is possible that fluids from this magma type could have been added to 
the gold-bearing hydrothermal fluid. However, a dozen samples of this igneous type 
failed to identify elevated levels in any of the elements shown to be related to the gold 
depositing process, and no evidence was found to indicate that this igneous type could
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have contributed any metals to the hydrothermal fluid.
In andesite dikes of Pennsylvanian age, Tertiary gold mineralization is 
superimposed on mineral assemblages related to deuteric alteration processes in the 
Pennsylvanian and sericitization in the Cretaceous.
Assuming minimal surface erosion between the time of crystallization of the basalt 
dikes and the time of gold deposition, the maximum depth at which gold was deposited in 
the Jerritt Canyon District is the maximum depth at which the basalt dikes were able 
to vesiculate (approximately 3 km). This is an estimate of the maximum possible depth 
at which the orebodies did form, not an estimate of the maximum depth at which 
deposits of this type can form.
The hydrothermal fluid responsible for gold deposition was likely saturated in P04'3 
in the ore-forming environment. Subsequent cooling, dilution, and buffering of the 
fluid would cause precipitation of phosphate minerals. The presence of turquoise, 
variscite, etc. at surface or shallow depths is evidence of argillized and potentially 
mineralized rock at depth.
RECOMMENDATIONS FOR FURTHER WORK
To further constrain the sequence of igneous and hydrothermal activity in the 
Jerritt Canyon district it would be helpful to obtain more radiometric age dates. The 
age of the ultramafic dike and "shreddy" biotite within it are unknown. Further age 
constraints could also be placed on the barian K-feldspar assemblage in the andesite 
dikes. Fission track analysis of apatite from strongly mineralized dikes could provide a 
minimum permissible age for gold deppsition (i.e., the age at which the dike was last 
>100°C). Preservation of marcasite since the time of gold deposition suggests that 
mineralized dikes have not been significantly heated since gold deposition, in which 
case the apatite fission track date could be a direct measure of the age of gold deposition. 
Attempts to obtain pure apatite separates from mineralized andesites have been made, 
but the apatite grains isolated to date are generally too small for fission track 
geochronology. As mining proceeds, dikes should be examined for the presence of 
coarser apatite.
If a magmatic contribution to the hydrothermal fluid in Carlin-type systems exists, 
it will probably be recognized based on isotopic data. Oxygen isotope analysis of quartz 
in ore-related quartz-realgar-marcasite veins in dikes may show differences with the 
oxygen isotopic composition of nearby jasperoids which could reflect a magmatic 
contribution. Radiogenic isotopes of Rb/Sr, Sm/Nd, Re/Os, and Pb/Pb could be used to
determine sources of components and to trace fluid flow paths. It is important that the 
complex geologic history of the region and paragenetic complexity of the deposits be 
recognized by investigators using these methods and that samples are carefully 
collected from well documented and constrained field occurrences.
Quartz-sulfide veinlets in igneous dikes can host fluid inclusions suitable for 
microthermometry. A systematic study of fluid inclusions from dikes in feeder zones 
may provide additional insights into the temperature and composition of the 
hydrothermal fluids.
The suitability of electrical and magnetic geophysical methods in mapping 
argiilization and sulfidation of igneous dikes should be investigated.
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1. Wash 10 numbered porcelain crucibles and lids and burn off any residue in a muffle 
furnace at 1000° F (approx. 550° C) for 30 minutes. Remove and allow to cool to 
room temperature.
2. Weigh mass of the porcelain crucible on a MettlerType HI 6 balance arid record 
value to nearest 0.001 g. Use tweezers to move crucible throughout procedure.
3. Remove crucible from balance and add approximately 7 g of pulverized rock sample.
4. Weigh mass of the crucible and contents and record value to nearest 0.001 g.
5. Place crucible in ceramic tray and cover with a loose-fitting porcelain lid.
6. Repeat steps 2. through 5. for ail ten samples of the series.
7. Place ceramic tray with ten loaded and covered crucibles in muffle furnace at 
1000° F (approx. 550° C) for 60 minutes. Remove ceramic tray with samples from 
furnace and allow to cool nearly to room temperature.
8. Store covered crucibles in desiccator sealed with vacuum grease until ready for final 
weighing.
9. Remove lid from the crucible and weigh mass of the crucible and contents. Record 
value to the nearest 0.001 g.
10. Express loss on ignition as a percentage of sample mass by the formula:
]1-[(Mass of crucible and sample after ignition-Mass of crucible) /
(Mass of crucible and sample before ignition-Mass of crucible)]} * 100
11. Store remaining rock material in a desiccator until it can be used to make pellets 
for X-ray fluorescence chemical analysis.
12. Repeat steps 9. through 11. for all ten samples of the series.
Appendix I
Procedure for determination of  loss on ignition.
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1. Weigh 3.0 g of pulverized and ashed rock sample (product of the loss on ignition 
procedure) and 1.125 g of cellulose (Whatman CF11).
2. Place weighed rock sample and cellulose into mortar, add 5 drops of 3%  polyvinyl 
alcohol, and grind with pestle until thoroughly mixed. Transfer contents to a numbered 
tri-cornered polypropylene beaker.
3. Repeat steps 1. and 2. until a series of ten samples are mixed and transfered to 
beakers.
4. Assemble the steel pelletizing mold by putting the bottom disk on base and placing 
the plastic sleeve over the bottom disk.
5. Transfer the sample/cellulose/PVA mixture from the tri-cornered polypropylene 
beaker to the mold. Insert the plastic plunger into the plastic sleeve and manually 
compress the sample for ten seconds to form a weakly consolidated cake on the bottom 
disk.
6. While holding the plunger in place, carefully lift the plastic sleeve approx, one cm 
to remove the sleeve from the cake. Then remove both the plastic sleeve and plastic 
plunger from the mold in unison.
7. Visually inspect the cake at the bottom of the mold to insure it is not broken or 
moved off the bottom disk.
8. Pour approx. 5 g of Buehler Phenolic Powder over the cake to fill the annular space 
between the cake and the mold and to cover the back of the cake.
9. Insert the steel plunger into the mold and place mold in the hydraulic press. Apply 
30,000 pounds of pressure for one minute, then release pressure.
10. Disassemble mold and remove pellet, being careful not to touch the sample side of 
the pellet. Label the back side of the pellet and store in an airtight plastic container.
11. Clean mold, plastic sleeve and plunger, and implements by wiping with ethanol- 
soaked tissue.
12. Repeat steps 4. through 11. for all ten samples of the series.
Appendix il
Procedure for preparation of pellets for x-ray f luorescence analysis.
154
Procedure for determination of density.
1. Calibrate the Beckman Instruments Model 930 Air Comparison Pycnometer per the 
manufacturer s procedure, including testing of the calibration using two standards.
2. Weigh approx. 10 g of pulverized rock on a top loading Mettler mass balance and 
record value to nearest 0.001 g.
3. Transfer pulverized rock material to the pycnometer and determine the 
corresponding volume. Record value to the nearest 0.01 cc.
4. Calculate density in g/cc using the formula:
mass of the pulverized rock (g)/volume of the pulverized rock (cc)
5. Repeat steps 2. through 4. for a series of 10 to 15 samples, including density 
determinations for one or two corresponding unpulverized rock samples within the 
sample series.
6. Recheck calibration of the pycnometer at the end of each session.
Appendix III
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1. Prepare XRF pellets for USGS standard rock samples AGV-1 and GSP-1 using the 
procedure described in Appendix II. Recalculate published values for these two 
standards on a volatile-free basis normalized to 100%.
2. An analytical run consists of 12 samples. The AGV-1 standard is the first sample of 
the series, ten Jsrritt Canyon samples comprise the middle of the series, and the GSP- 
1 standard is the last sample of the series. This arrangement holds for both whole rock 
and trace element runs.
3. As a quality control check on the calibration of the XRF spectrometer, compare the 
raw data for both the AGV-1 and GSP-1 standards in each run to the corresponding 
published values. The precision of the spectrometer can be inspected by comparing 
measured values for both the AGV-1 and GSP-1 standards among the twelve runs.
3. To begin the correction procedure, compare measured values for the AGV-1 standard 
to the recalculated and normalized published values. For each chemical component, 
divide the recalculated and normalized published value by the measured value to 
establish a correction factor for that component. Multiply these correction factors 
against the measured values for the corresponding component in the ten Jerritt Canyon 
samples and the GSP-1 standard.
4. Repeat step 3. for each run. For runs consisting of mainly quartz monzonite samples 
(i.e., runs #10 and #11), use the GSP-1 standard to determine the correction factors 
and apply these factors to both the Jerritt Canyon samples and the AGV-1 standard.
5. For each Jerritt Canyon sample and the multiple measurements of the GSP-1 
standard (or AGV-1 standard, in the cases of runs #10 and #11), normalize the data 
to 100% less the loss on ignition value. In other words, the sum of components 
measured on the XRF spectrometer plus the previously determined loss on ignition 
value should equal 100%.
6. As a quality control check on the accuracy of this correction procedure, compare the 
results from the GSP-1 standard in each run (or AGV-1 standard, in the cases of runs 
#10 and # 11) to the published values.
Appendix IV
Procedure for correcting XRF whole rock and trace element analyses.
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Appendix V
Digestion and analytical methods used by Chemex Labs, Inc.






Au ppb Fuse 10 g FA-AAS 5 10000
Au oz/st 1 /2 assay ton FA-Gravimetric 0.003 20
Ag ppm HN03-aqua regia AAS-bkgrd corr 0.2 100
Ag oz/st Reverse aqua regia AAS 0.01 20
As ppm HN03-aqua regia AAS-hydride/EDL 1 1 0000
As % HCI04-HN03 AAS 0.01 1 00
Hg ppb HN03-HCI AAS-flameless 1 0 100000
Hg % Aqua regia-MIBK AAS 0.001 100




Be ppm HN03-aqua regia ICP-AES 0.5 10000
Bi ppm HN03-aqua regia ICP-AES 2 10000
Cd ppm HN03-aqua regia ICP-AES 0.5 1 0000
Co ppm HN03-aqua regia ICP-AES 1 10000
Cr ppm HNC3-aqua regia ICP-AES 1 10000
Cu ppm HN03-aqua regia ICP-AES 1 10000
Mo ppm HN03-aqua regia ICP-AES 1 10000
Ni ppm HN03-aqua regia ICP-AES 1 10000
Pb ppm HN03-aqua regia AAS 2 10000
V ppm HN03-aqua regia ICP-AES 1 10000
W ppm HN03-aqua regia ICP-AES 10 1 0000
Zn ppm HN03-aqua regia ICP-AES 2 10000
AAS: atomic absorption spectrometry 
bkgrd corr: background correction 
EDL: electrolysis discharge lamp 
AES: atomic emission spectrometry 




Geochron Laboratories, K-Ar dating of hornblende, sample 88-MGI-18.
K r u e g e r  E n t e r p r i s e s , In c .
G E O C H R O N  L A B O R A T O R I E S  OIVISION
24 . B l a c k  s t o n e  S t r e e t - C a m b r i d g e . M a s s a c h u s e t t s  0 2  i 3 9  - (6 17 ) 3 7 6 - 3 6 9  t
POTASSIUM-ARGON AGE. DETERMINATION REPO RT O F ANALYTICAL W O RK
Our Sample No. A -3  35 9 Date Received: 12/6/38
Your Reference: L a t t e r  o f  11/28/88 Date Reported: 1/3/89
PO it? -2 7 2 5 2
Submitted by: A r t h u r  a .  D a h l
F re e p o r t -M c M o R a n  G o ld  Com pany  
M o u n ta in  C i t y  S t a r  R o u te  
E l k o ,  MV 89801
Sample Description & Locality: S a m p le  # 8 8 M G I-1 8 , g a b b r o / g r a n o d io r i t e  s t o c k .
Material Analyzed:
H o r n b le n d e  c o n c e n t r a t e ,  -8 0 / + 2 0 0  m esh . 
T r e a t e d  w ith  d i l u t e  HE and HNO-  ̂ .
40*Ar/J0K _ .002343 a,GE = 39-9 +/- 2-3
Argon Analyses:
Ave. 40'Ar, ppm 
.001585




A3 = 4.962 x 10- “ /year 
(X, + \;) = 0.581 x  10 '  !0’year 
^K/K = 1.193 x 10- " g i g
Note:10'Ar refers to radiogenic “ Ar. 














Ave. % K 
0.567
Appendix Vill
hron Laboratories, K-Ar dating of biotite, sample 88-MGM5.
K r u e g e r  E n t e r p r i s e s , In c .
G E C C H R C N  L A  9 0 R  A T O R I E S  DIVISION
2 4  S l a c k s t o n e  Sraesrr • C a m b r i d g e . M a s s a c h u s e t t s  0 2 13 9  • ( 5 1 7) 8 7 6 - 3 6 9  i
POTASSIUM-ARGON A G E DETERMINATION REPO RT O F ANALYTICAL W O RK
Our Sample No. 3 - 3 3 6 8  Date Received: 1 2 / 6 /3 3
Your Reference: L e t t e r  o f  1 1/23/33 Oate Reported: 1/ 3/39
PO ifF -2 7 2 6 2
Submitted by: A r t h u r  3 . D a h l
F re e p o r t -M c M o R a n  G o ld  Company 
M o u n ta in  C i t y  S t a r  R o u te  
E lk o ,  MV 39801
Sample Description & Locality: S am p le  If38MG 1 — 15, g a b b r o / d i o r i t e  d i k e .
Material Analyzed:
B i o t i t e  c o n c e n t r a t e ,  -1 0 0 / + 2 0 0  m esh .








Ave. 40 'Ar, ppm
.1331
Potassium Analyses:
% k  Ave. % K
5.597 5.567
5-637
40 K, ppm 
5.751
Constants Used:
Xa = A.962xlO_,0/year AGE
(\, +• x;j = 0.581 x  10 - '“/year 
«K/K = U 9 3 x1 0 -J g/g
Note: J0"Ar refers to radiogenic “°Ar.
M.Y. refers 10 millions of years.
1 In [ A^(A.-X;) x '̂Ar 
•\a r(\, A Xj) ^ 1
Appendix IX 
Chemical analyses major oxides determined by x-ray fluorescence and loss on ignition values 
SA MPLE # 
316S2S 
6840 · 1 
6840· 3 
7020 · 1 
7020 -2 
7040 · 1 
7060 - 1 












71 80 -4 
7180· 11 
7180 - 12 
7 180 · 13 
71 80-14 
7180 · l 7 
7200 · 3 
7200 -4 
7200 -6 




8891 3C·407 .5 
88313C·42 I 
889 l 3C-44 I 




































































Mine Coords Mine Coords 






















































































































































Si02 w t% Al203 wt% 
XR F XRF 
46 4 15 .6 
40 .9 15 .6 
40 .6 16 .9 
42.4 15 .7 
46.2 15 .5 
45 .2 20.8 
45 .6 24 .3 
45 .5 17 .0 
39 .6 2 1 .9 
41.1 19 . 1 
46 .S 14.3 
39 .8 14 .9 
37 .9 15.2 
43 .S 17.S 



















































































































13 . 1 
8.6 
12 .9 
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Na20 wt% K20 wt% Ti02 wt % P205 wt% MnO wt% 
XRF XRF XKF XRF XRF 

















0 . 1 





< 0 .1 
































































































































































































< 0 . 1 





















































































































































SC377C- l 36 
SH99C-5 95 
SH99C-62 7 

































WW260 -870 -875 
WW260-875 -8 80 
WW260-880 -885 



















































Mine Coords Mine C:oords 


















































































37 11 50 






























































Si02 wt% A1 203 wt% Fe203 wt% MgO wt96 
XR F XRf XRF XRF 





































































































































































































Cao wt% Na20 wt% K20 wt% Ti02 wt% P205 w t % MnO w t% 
XRF XR F XRF XRF XRF XRF 
11.S <0. 1 2 . 1 2.0 0 .4 0.1 



































































































































2 . 1 
1.8 
2 .6 















































































































































0 . 1 
0 . 1 
0 . 1 
<0 . 1 
<0. 1 
<0 1 
0 . 1 
<0. 1 
<0. 1 
0 . 1 
<0.1 
<0 I 













17 . 1 
8 .0 
6.6 
10 . 1 
14 . 1 
14 .9 
























































































t ra c e  elem ents  showing g r e a t e s t  enrichment a ss o ci a t e d  with




































BB9  1 3C-870
BHR-1






































































































































0 .4  
<0.2 
0 .4









0 .5  
<0.2 
<0.2 




















































































































































































Chemical an alyses  - tr ac e elements  showing g r e a t e s t  enrichment a ss o ci a t e d  with
S A M P L E  # Rock Type Au ppb Au oz/st Ag ppm Ag oz/st As ppm Sb  ppm Sb  w t% Hg ppb W  ppm Tota l S
PT-1 andesite <5 <0.2 112 1.4 180 < 10
RC-1 quarts monzonite <5 <0.2 1 3.6 50 < 10
RC-2 quartz monzonite <5 <0.2 2 0.6 20 < 10
SC-1 quartz monzonite <5 <0.2 2 i 30 <10
SC-2 quartz rnonzorute <5 <0.2 1 0.2 150 < 10
SC-3 quartz monzonite <5 1.3 10 1.4 300 10
SC-5 quartz monzonite <5 <0.2 2 0.4 50 < 10
S C -6 quartz monzonite <5 0.9 6 5.2 50 < 10
SC-7 quartz monzonite <5 0.4 10 1.2 40 < 10
S C -8 quartz monzonite < 5 <0.2 2 <0.2 80 <10
SC377C-1 3 1.5 andesite 545 <0.2 980 16.5 32800 220 <0.01
SC377C-1 36 andesite - <0.2 8 0.2 60 10 0.15
SH99C-595 andesite 255 0.3 560 8.6 22300 170 9.22
SH99C-627 andesite <5 <0.2 1 0.6 100 <10 0.15
SH99C-717 andesite <5 <0.2 2 <0.2 40 10 0.08
SHS9C-727 andesite <5 <0.2 2 2.6 50 < 10
SH 9SC-749B andesite 7170 0.4 1330 26 31000 230 10 2
SH99C-752 andesite 8370 <0.2 1 140 36 90000 310
SH99C-782 andesite 2190 <0.2 700 22 31000 320
SH99C-784 andesite 1740 <0.2 740 . 26 42000 510
SH99C-788 andesite 1500 <0.2 900 29 31000 470
SH ISO C-363 andesite <5 <0.2 2 <0.2 10 <10 P  11
SH I50C -869 andesite <5 <0.2 6800 <0.2 10100 100 6.24
SH I 50C-884 andesite <5 <0.2 76 <0.2 60 <10 0.183
S P 1 16-670-675 andesite <5 <0.2 100 <0.01 10000 20
SP1 1 6-685-690 andesite 617 0.018 <0.2 1800 <0.01 10000 30
SP1 16-720-725 andesite 4594 0.134 <0.2 800 <0.01 50000 90
SP1 16-760-765 andesite 14297 0.417 1 0.03 3400 0.01 90000 50
SP57C -91 8 andesite <5 <0.2 310 1.2 730 30
SPAG-1 andesite <5 <0.2 < 1 <0.2 120 <10
SPAG-4 andesite <5 <0.2 2 <0.2 20 10
STARV-1 andesite <5 <0.2 2 0.2 40 10
STARV-2 andesite < 5 <0.2 2 0.6 50 10
STARV-3 andesite <5 <0.2 < 1 <0.2 50 10
SVL-1 andesite <5 <0.2 < 1 0.2 20 <10
SVL-2 andesite <5 <0.2 < 1 0.4 20 < 10
S V L -8 andesite <5 <0.2 1 <0.2 50 10
SVL-1 1 andesite <5 <0.2 < 1 <0.2 20 < 10
W P - 4 andesite <5 <0.2 14 2.4 80 10
WRT-1 andesite <5 <0.2 1 <0.2 20 < 10
WRT-3 andesite < 5 <0.2 2 <0.2 20 <10
W R T -8 andesite <5 <0.2 1 0.2 50 10
WRT-1 7 andesite <5 <0.2 1 0.2 80 < 10
W RT-20 andesite <5 <0.2 4 0.2 30 10
W W  248-660-665 andesite <5 <0.2 68 7.6 290 10 1.05
W W 248-670-675 andesite 130 <0.2 64 12 1850 140 7.31
W W 2  60-8 65-870 andesite <5 <0.2 50 10.5 190 30 0.55
W W 260-870-875 andesite 10 <0.2 14 6.6 90 10 0.36
W W 260-875-880 andesite 100 <0.2 244 6.8 490 40 1.56
W W 2  60-880-885 andesite 680 <0.2 1000 19 2550 60 7.79
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Chemical analyses of igneous dikes - trace elements
SA M PLE  U Rock Type Zr ppm Y ppm Sr ppm Rb ppm Ga ppm Ba ppm D ensity  g/ci
X R F X R F XRF X R F X R F X R F Po w d e r
316525 andesite 169 26 486 44 23 4380 2.86
6840-1 basalt 104 39 201 1 9 30 690 2.73
6840-3 basalt 96 25 54 68 26 710 2.95
7020-1 basalt 155 23 97 37 21 850 2.83
7020-2 andesite 170 30 414 53 21 1080 2.84
7040-1 andesite 135 30 126 107 22 480 2.85
7060-1 andesite 117 24 85 91 22 740 2.73
7070-1 andesite 178 31 421 49 25 2500 2.78
7070-2 basalt 224 37 62 27 32 1470 2.69
7070-3 basalt 160 23 43 10 23 1680 2.84
7100-5 andesite 171 23 672 31 23 1390 2.73
7120-6 andesite 93 24 329 88 19 980 2.80
7140-2 andesite 77 21 177 89 19 1230 2.97
7140-3 andesite 102 22 156 1 10 22 2170 2.76
7140-9 andesite 236 54 90 52 32 6740 3.03
7160-1 andesite 206 40 1 10 94 30 1 100 3.09
7160-5 andesite 110 25 94 121 23 860 2.98
7180-1 andesite 164 31 172 160 27 670 3.09
7180-3 andesite 178 33 34 83 27 500 2.99
7180-4 andesite 106 19 77 1 1 1 24 . 630 3.06
7180-1 1 andesite 98 25 291 117 25 1 190 3.08
7180-12 andesite 154 27 106 121 22 3650 3.0
7180-1 3 andesite 159 32 418 52 22 3670 2.79
7180-14 andesite 196 40 127 40 32 3190 2.83
7180-1 7 andesite 316 25 92 15 44 880 2.80
7200-3 andesite 255 48 48 43 30 9760 2.83
7200-4 andesite 229 47 32 54 27 1670 2.79
7200-6 andesite 257 67 69 36 20 1 130 2.80
7200-10 andesite 155 28 384 50 23 5950 2.82
7200-12 qtz -realgar vein
7220-3 andesite 157 29 272 54 23 1490 2.85
7220-4 andesite 170 33 406 45 25 2150 2.89
B B 9 1 3C-407.5 andesite 125 9 38 104 23 1420 2.87
BB913C-421 andesite 114 26 139 186 23 710 2.95
BB913C-441 andesite 108 15 177 125 19 500 2.91
BB9  1 3C-870 andesite 114 19 687 163 19 2950 2.97
BHR-1 andesite 166 24 491 59 20 1810 2.82
B H R -6 andesite 178 31 2ei 51 20 1780 2.73
BHR-1 1 andesite 2.78
COW-1 andesite 95 24 363 30 19 3810 2.87
COW-2 andesite 189 25 824 149 18 13100 2.75
COW-3 andesite 90 22 340 32 18 1820 2.87
COW-4 andesite 185 26 761 138 21 8920 2.78
CR-1 ultramafic 76 12 130 14 9 560 2.98
GR50A-507 andesite 163 30 145 134 21 1 190 3.02
GR50A-64 7 andesite 187 35 50 118 19 650 2.98
MASH-1 andesite 212 27 536 37 24 1640 2.85
MASH-3 andesite 210 29 509 47 21 5480 2.80
M ASH-6 andesite 122 23 174 55 17 1510 2.81
MASH-7 andesite 92 23 223 44 18 1060 2.81
PS-2 andesite 126 25 1 19 52 21 1620 2.80
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Ap pendix XI
Chemical an alyses  of  igneous dikes -  tr ac e el em ent s  determined by x-ray f lu or es c en ce  and densi ty  value?



















































Rock Type Zr ppm Y ppm Sr ppm Rb ppm Ga ppm Ba ppm D ens ity  g/cc D ensity  5
X R F X R F X R F X R F X R F X R F Po w d er Rock
andesite 153 41 117 63 24 8780 2.83
quartz monzonite 199 18 488 167 25 6040 2.70
quartz monzonite 208 19 613 89 25 2030 2.69
quartz monzonite 225 19 507 82 23 1410 2.69 2.62
quartz monzonite 202 18 516 81 23 1970 2.65
quartz monzonite 134 44 436 53 16 1050 2.86
quartz monzonite 213 17 440 104 24 1590 2.71
quartz monzonite 133 36 145 107 13 2440 2.88
quartz monzonite 11 1 67 204 0 6 750 2.91
quartz monzonite 203 18 533 74 23 2350 2.76
andesite 193 43 128 99 28 1120 2.86
andesite 176 26 731 47 19 4870 2.86
andesite 296 51 106 46 30 850 2.97 2.91
andesite 246 39 346 42 25 1070 2.80 2.77
andesite 274 38 351 62 22 1390 2.84
andesite 262 43 107 85 21 1160 2.85
andesite 243 37 62 16 22 470 2.97
andesite 303 47 70 27 26 400 2.98
andesite 356 67 99 50 18 420 2.94
andesite 327 63 108 42 22 470 2.89
andesite 343 70 104 46 24 790 3.04
andesite 260 35 319 56 1620 2.77
andesite 300 50 130 57 1020 2.80
andesite 283 43 471 53 720 2.83
andesite 1 13 22 289 59 16 1240 2.82
andesite 115 24 157 127 21 740 2.89
andesite 148 33 90 103 23 900 2.89
andesite 122 26 52 1 10 19 650 2.86
andesite 79 20 282 150 19 700 2.93
andesite 119 24 319 39 15 3440 2.84
andesite 146 21 384 59 16 5110 2.79
andesite 141 23 333 38 20 7150 2.88
andesite 135 24 321 26 22 3120 2.86
andesite 125 22 270 20 18 5320 2.77 2.71
andesite 164 34 304 56 22 1350 2.83
andesite 181 35 312 52 24 1670 2.84
andesite 134 29 270 73 20 1880 2.84 2 .7 !
andesite 144 29 268 49 24 2370 2.80
andesite 107 26 139 85 19 9060 2.62
andesite 188 28 585 168 17 5940 2.80 2.73
andesite 194 28 798 160 17 3250 2.78
andesite 147 30 238 64 23 3400 2.75 2.74
andesite 138 28 253 54 20 1590 2.77
andesite 126 21 151 68 18 2860 2.75
andesite 208 25 499 126 17 4000 2.68
andesite 201 25 422 1 17 16 2900 2.62
andesite 201 26 477 143 13 5000 2.85
andesite 204 26 496 151 19 3930 2.84
andesite 201 27 471 119 17 3620 2.86
andesite 217 28 404 101 18 2280 2.99
' - '.V  V
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Ap pendix XII
Chemical ana lys es  - tr ace elements  determined by Chemex Labs, Inc.
SA M PLE  U Rock Type Be ppm Bi ppm 0d ppm Co ppm Cr ppm Cu ppm Mo ppm Ni ppm Pb ppm Se ppm V  ppm Zn ppm
316525 andesite 0.5 <2 0.5 38 88 71 < 1 46 <2 <0.2 306 76
6840-1 basalt <0.5 4 0.5 34 358 53 < 1 74 6 <0 2 230 132
6840-3 basalt <0.5 2 <0.5 30 271 55 3 72 2 <0.2 244 84
7020-1 basalt 1 <2 0.5 28 210 36 1 98 4 <0.2 155 76
7020-2 andesite <0.5 <2 <0.5 34 265 45 1 72 <2 <0.2 223 80
7040-1 andesite 0.5 < 2 <0.5 52 247 103 3 1 17 <2 <0.2 217 44
7060-1 andesite 0.5 <2 <0.5 57 353 141 1 161 <2 <0.2 195 104
7070-1 andesite 0.5 <2 0.5 43 281 53 < 1 104 <2 <0.2 243 84
7070-2 basalt 1 <2 <0.5 28 273 53 3 92 <2 <0.2 199 98
7070-3 basalt <0.5 <2 <0.5 30 239 37 3 129 <2 <0.2 188 98
7100-5 andesite 0.5 <2 0.5 30 226 35 <1 91 4 <0.2 157 78
7120-8 andesite <0.5 <2 <0.5 38 318 1 10 <1 128 <2 <0.2 167 64
7140-2 andesite 0.5 <2 <0.5 42 288 94 2 112 <2 <0.2 146 44
7140-3 andesite <0.5 <2 0.5 37 290 118 1 144 <2 174 56
7140-9 andesite 0.5 <2 <0.5 39 85 53 1 43 <2 <0.2 402 38
7160-1 andesite 0.5 <2 <0.5 30 58 28 1 32 <2 0.2 356 128
7160-5 andesite <0.5 < 2 0.8 52 218 98 <1 . 155 19 18.2 234 94
7180-1 andesite 0.5 <2 <0.5 36 249 47 < 1 92 <2 <0.2 240 66
7180-3 andesite <0.5 <2 <0.5 43 284 52 <1 11 1 <2 0.2 256 104
7180-4 andesite 0.5 <2 <0.5 44 244 _ 95 7 151 <2 <0.2 203 240
7180-1 1 andesite <0.5 <2 0.8 60 206 101 1 163 26 0.2 238 92
7180-1 2 andesite <0.5 <2 <0.5 44 304 58 1 92 <2 0.2 255 602
7180-13 andesite <0.5 <2 <0.8 51 265 50 <1 107 12 <0.2 265 116
7180-14 andesite 0.5 <2 1.5 43 297 63 1 1 10 <2 <0.2 286 688
7180-17 andesite 2.5 <2 <0.5 < 1 75 16 <1 4 <2 <0.2 503 32
7200-3 andesite 0.5 <2 2.5 43 364 77 < 1 116 <2 1 341 90
7200-4 anaesite <0.5 <2 <0.5 48 378 68 1 115 8 1.2 306 76
7200-6 andesite 1.5 <2 <0.5 30 73 62 <1 34 6 0.2 513 28
7200-10 andesite <0.5 <2 <0.5 38 287 50 < 1 88 <2 <0.2 229 102
7200-12 qtz-realgar vein <0.5 <2 13 14 252 20 31 6 146 >10000
7220-3 andesite <0.5 <2 <0.5 35 259 54 <1 78 <2 <0 2 251 94
7220-4 andesite <0.5 <2 <0.5 28 53 38 1 29 <2 <0.2 309 98
BB9 1 3C-407.5 andesite <0.5 <2 <0.5 42 240 10S <1 109 6 239 24
BB913C-421 andesite <0.5 <2 <0.5 53 225 87 < l 160 108 196 24
B B 9 13C-441 andesite <0.5 <2 <0.5 41 225 5 < 1 125 <2 182 18
B B 9 I3 C  870 andesite <0.5 <2 <0.5 48 214 78 <1 129 <2 179 38
BHR-1 anaesite <0.5 <2 <0.5 30 182 70 <1 81 <2 <0 2 192 66
B H R -6 andesite 0.5 6 <0.5 32 243 28 < 1 69 <2 <0.2 209 88
BHR-1 1 andesite <0.5 <2 <0.5 30 165 74 <1 70 <2 <0.2 265 102
COW-1 andesite <0.5 <2 <0.5 35 228 79 2 82 < 2 175 66
COW-2 andesite <0.5 <2 <0.5 29 142 37 1 67 <2 170 76
COW-3 andesite <0.5 <2 1 36 285 83 < 1 88 <2 137 90
COW-4 andesite <0.5 <2 <0.5 28 175 38 1 72 <2 174 68
CR-1 ultramafic <0.5 <2 <0.5 77 1738 31 2 777 <2 <0.2 107 84
GR50A-507 andesite <0.5 <2 <0.5 43 564 71 < 1 214 <2 210 100
GRSOA-647 andesite <0.5 <2 <0.5 59 549 120 2 261 A 240 86
MASH-1 andesite <0.5 <2 <0.5 31 179 45 1 72 <2 <0.2 215 84
MASH-3 andesite <0.5 <2 1.5 38 262 50 1 134 <2 <0.2 234 110
M ASH-6 andesite <0.5 4 <0.5 33 269 66 <1 64 <2 <0.2 201 60 h- 1
M ASH-7 andesite <0.5 <2 <0.5 40 326 83 <1 89 <2 <0.2 188 78
PS-2 andesite <0.5 <2 <0.5 48 384 82 < 1 294 <2 <0.2 194 64
XT
Chemical analyses - t
S A M PLE  # Rock Type Be ppm Bi ppm Cd ppm Co ppm Cr ppm
PT-1 andesite <0.5 <2 <0.5 32 222
RC-1 quartz monzonite <0.5 2 <0.5 16 88
RC-2 quartz rnonzonile <0.5 <2 <0.5 15 15 4
SC-1 quartz monzonite <0.5 <2 0.5 15 106
SC-2 quartz monzonite 0.5 2 0.5 15 92
SC-3 quartz monzonite <0.5 4 13.5 12 278
SC-5 quartz monzonite <0.5 <2 <0.5 15 88
S C -6 quartz monzonite <0.5 <2 4.5 4 143
SC-7 quartz monzonite <0.5 8 8.5 6 68
S C -8 quartz monzonite <0.5 <2 1 14 96
SC377C-1 31.5 andesite 1.5 <2 <0.5 97 266
SC377C-136 andesite 0.5 <2 <0.5 38 220
SH99C-595 andesite 0.5 <2 <0.5 26 1 12
SH99C-627 andesite 0.5 <2 <0.5 27 156
SH99C-71 7 andesite <0.5 <2 <0.5 30 1 79
SH99C-727 andesite <0.5 <2 <0.5 27 130
SH99C-749B andesite <0.5 <2 <0.5 32 183
SH99C-752 andesite <0.5 <2 <0.5 34 192
SH99C-782 andesite <0.5 <2 <0.5 33 198
SH99C-784 andesite <0.5 <2 <0 5 33 186
SH99C-788 andesite <0.5 <2 <0.5 34 185 "
SH I 50C-363 andesite <0.5 <2 <0.5 32 160
SH I 50C-869 andesite 1 <2 <0.5 32 76
SH1 50C-834 andesite 1.5 <2 <0.5 32 165
SP1 1 6-670-675 andesite <0.5 8 0.8 48 265
SP1 16-685-690 andesite <0.5 <2 0.8 44 259
SP1 16-720-725 andesite <0.5 <2 0.8 62 403
S P 1 16-760-765 andesite <0.5 6 1.6 54 396
SP57C-9 1 8 andesite <0.5 <2 <0.5 39 354
SPAG-1 andesite <0.5 6 <0.5 44 354
SPAG-4 andesite <0.5 <2 0.5 35 223
STARV-1 andesite <0.5 <2 0.5 46 418
STARV-2 andesite <0.5 8 <0.5 36 329
STARV-3 andesite <0.5 <2 <0.5 46 519
SVL-1 andesite 0.5 <2 <0.5 35 222
SVL-2 andesite <0.5 <2 <0.5 37 174
S V L -8 andesite <0.5 <2 <0.5 38 260
SVL-1 1 andesite <0.5 2 0.5 35 216
W P-4 andesite <0.5 <2 0.5 39 259
WRT-1 andesite <0.5 4 <0.5 26 160
W RT-3 andesite <0.5 <2 <0.5 27 172
W R T -8 andesite <0.5 2 <0.5 25 248
WRT-1 7 andesite <0.5 <2 <0.5 29 247
W RT-20 andesite <0.5 <2 0.5 38 284
W W 248-660-665 andesite 0.5 <2 <0.5 29 175
W W  248-670-675 andesite <0.5 <2 0.5 32 193
W W 260-865-870 andesite 0.5 <2 0.5 23 162
W W 2  60-870-875 andesite 0.5 <2 1 25 169
W W 260-875-880 andesite 0.5 <2 1 27 187
W W  260-8 80-8 8 5 andesite 0.5 <2 <0.5 31 164
Appendix Xli
elements determined by Chemex Labs, Inc.
Mo ppm Mi ppm Pb ppm Se  ppm V ppm Zn ppm
7 103 <2 1 193 64
<1 28 6 <0.2 97 76
< 1 31 10 , <0.2 93 78
<1 26 4 92 76
<1 28 8 <0.2 90 78
14 133 4 1549 736
3 31 22 94 114
26 84 12 951 440
2 96 10 758 1070
<1 31 16 122 134
4 146 <2 <0.2 247 310
2 87 <2 <0.2 197 56
<1 41 <2 206 88
< 1 56 <2 199 102
<1 75 4 209 108
1 65 <2 166 84
1 68 <2 242 104
2 73 <2 320 158
4 89 <2 244 128
2 83 <2 211 104
4 89 <2 215 92
<2 66 <2 <0.2 200 104
1 41 <2 <0.2 222 160
1 64 <2 <0.2 207 108
<1 165 19 190 72
1 156 18 198 88
3 257 13 255 72
3 214 13 220 120
<1 133 <2 154 44
< 1 216 <2 <0.2 198 74
<1 86 <2 <0.2 193 34
<1 102 <2 206 94
<1 92 <2 <0.2 184 88
1 218 <2 <0.2 179 90
< 1 70 <2 <0.2 212 100
1 37 <2 <0.2 227 82
2 182 <2 <0.2 203 72
<1 62 <2 <0.2 209 82
1 140 <2 <0.2 198 450
<1 75 <2 <0.2 173 64
1 74 <2 <0.2 166 64
< 1 63 <2 212 78
<1 57 <2 223 68
2 124 <2 <0.2 199 38
1 80 <2 <0.2 1 78 52
2 87 <2 ; 0.2 184 54
4 61 6 <0.2 173 90
1 75 <2 <0.2 174 82
1 84 <2 <0.2 167 58
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